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Foreword

We continue to move very quickly through the period following the human
genome mapping project, an international research effort to sequence and map
all of the genes—together known as the genome. Newer methods of molecu-
lar diagnoses based on whole genome sequencing are utilized more frequently.
Appropriate interpretation of the outcomes of sequencing efforts will become the
norm for future diagnostic procedures. Expanding research, evaluation of potential
therapies, and introduction of precision or personalized medicine interventions are
now available for a few rare diseases. The rare diseases community anticipates the
arrival of even more products into the market place for genomics identified sub-
population of both common and rare diseases.

Past research advances have made possible the molecular and enzyme replace-
ment therapies for many diseases such as Gaucher disease and Fabry disease.
Current research reveals a glimpse of the future with dramatic treatment effects
from gene therapy and stem cell approaches to treatment. Regenerative medicine
research offers hope to millions of patients worldwide. A greater emphasis will
continue to be placed on the repurposing of investigational and approved prod-
ucts for uses other than the original intended patient population. High through-
put screening facilities will provide access to products with potential application
to other diseases through a more systematic approach to screening procedures for
potential products for further development.

The patients, their families, and the patient advocacy communities have gained
a more appropriate status as research partners to the traditional basic and clinical
research and development efforts of the academic, federal, and biopharmaceutical
research communities. Arrival and full utilization of the capabilities of the inter-
net and world-wide-web approaches to information gathering, development, and
distribution have provided ready access to reliable and useful information. Patient
registries are considered useful tools to obtain a better understanding of the rare
diseases across the lifespan. Developing an extended knowledgebase about rare
diseases is now possible through a well-curated patient registry for an individual
disease or a group of related disorders. The usefulness of a patient registry is
dependent upon the quality of the data entered and the sustainability of a registry
for a number of years to enable growth of the data sets for rare diseases.

More recent advances offered by social media and social networking provide
the opportunity for gaining access to many more patients and families through
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crowd sourcing data gathering efforts unknown in the past. Rapid access to thou-
sands of patients connected by common interests is now possible. Using these
communication techniques and development of more useful patient registries
will increase patient recruitment and entry into clinical trials. The goal remains to
gather significant information from as many patients as possible on a systematic
global basis to provide for pan-diseases analyses and to increase the knowledge-
base for the individual rare disease. For the research investigator and the pharma-
ceutical industry, more ready access to patients should speed-up the opening of a
clinical trial, accrual of patients, and completion of the investigation. Delays in
recruiting sufficient participants for clinical trials have always been a major barrier
to rare diseases research and development.

Increased research opportunities exist for most rare diseases based on the
greater availability of patients worldwide to participate in clinical trials, the
improved willingness of the research community to develop multinational research
teams, the heightened interest of the biopharmaceutical industry in orphan prod-
ucts and rare diseases, and access to global markets. Multidisciplinary and mul-
tisite collaborative partnerships are required for research of rare diseases and the
development of orphan products. The rare diseases community is responding to
the needs and scientific opportunities offered by rare diseases and in particular, if
there is potential usefulness in the more common diseases. The extent of the rapid
response to these needs and opportunities will determine how quickly we elimi-
nate the disparities in access to treatment of rare diseases by orphan products. The
uniqueness of the book provides perhaps the most valuable research baseline of
information—the patient perspective. The growing acceptance of this perspective
resulted in the empowerment of the patient, family, and caregiver as a necessary
and major partner in the clinical research environment. Individual patient vignettes
provide a history of their experiences with a rare disease and how they were able
to develop a treatment program to live with a rare disease, even when there are
no apparent therapeutic interventions. Increased communication among all of the
partners in the rare diseases community is required if optimal care is to be pro-
vided to the millions of patients around the world who have received a rare disease
diagnosis. Even greater efforts and support are required for the large number of
patients who have not received the appropriate diagnosis and remain as patients
with undiagnosed diseases.

Stephen C. Groft

Director, Office of Rare Diseases Research

National Center for Advancing Translational Sciences
Department of Health and Human Services

National Institutes of Health

Bethesda, MD, 20892-4874, USA



Preface

Rare diseases impact more people than AIDS and cancer combined.
www.globalgenes.org

The Twin Aims of this book were simple: to be clear and to be useful. Clear and
useful not only to an academic audience, the typical target group of this sort of
text, but also to be of relevance to the most important people of all: patients. We
have departed from convention somewhat in not just assembling another textbook,
one written primarily for academics and healthcare professionals. Instead, we have
elected to present chapters, stories, and vignettes in as accessible manner as we
could manage. In this way, we hope that the book will act as a landmark and key
resource in the field of rare and orphan diseases, useful not just to professionals
but also to patients and their families. We are confident that this book meets a few
essential requirements:

e It should meet a long overdue need—specifically, to act as a much needed
resource (for academics, health professionals, patients, and their families) which
combines essential elements of health, empowerment, new social media, and
judicious management.

e Be relevant and accessible—we wanted this text to be different in that it com-
bines the essential competencies and perspectives of clinicians, managers, and
patients, all presented in an easy-to-read manner.

e Be globally inclusive—we have included chapters, cases, and vignettes from
around the world, sadly proving the prevalence of orphan and rare diseases.

In trying to ensure relevance and usefulness for a wide readership, we
instructed contributors to use as few clinical terms as possible (other than those
deemed absolutely essential). To ensure accessibility for all stakeholders, we have
included as many patient vignettes and case studies as we could. These examples
may echo your own questions and concerns. Many chapters either include or end
with a relevant insight into patient conditions and needs, often written by patients
(or their advocates). These cases are at once intensely emotional, insightful, and
inspirational. Most importantly: they are real.

The complexities associated with rare and orphan diseases require a complex
response. Thankfully, this task is made somewhat easier thanks to the continued and
rapid progress of technology; the phrase Health 2.0 attests to this fact. The advent
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of new social media, such as Facebook, Twitter, YouTube (and similar outlets)
has perhaps done more to organically enable “problem sharing” between affected
disease communities than previous, targeted, initiatives. The ability to simply dis-
cover that there are “others like me” (via a web search) must give some hope and
motivation. Connecting like-minded individuals together results in exchange of
ideas, care practice, advice, and, most importantly, support. “People Power” is alive
and well.

The multifaceted problems faced by the rare disease communities demand the
respect of a similarly multi-layered response. Readers should be satisfied that
the first such book of this type is edited by a team whose collective skills span
medicine, integrated healthcare, knowledge sharing, and patient advocacy. Editors
Bali, Bos, and Gibbons were particularly keen and subsequently pleased to con-
vince a passionate patient advocate to join the team. Simon Ibell (founder and
CEO of the iBellieve Foundation—a Canadian charity established to find a cure
for Mucopolysacharridosis IT (MPSII, or Hunter’s Syndrome—and convener of the
Be Fair 2 Rare™ public outreach campaign) provides the team with a powerful
and credible voice when communicating with the rare and orphan disease commu-
nities. Simon’s story features amongst the vignettes within the book. Any lingering
doubts that this is merely “just another academic text”” should be dispelled.

It should be noted that all proceeds from the sale of this book are to be donated
to the iBellieve Foundation (www.ibellieve.com).

The book is split into four interlinked sections: Rare and Orphan Diseases,
Health 2.0, Patient Perspectives and Empowerment Issues and Closing Gaps:
Promising research and future considerations. Each section contains a set of chap-
ters which, together, contain key definitions and concepts, applied research and
development projects, opportunities and challenges in the field, and, as previously
mentioned, patient-focused case studies for many chapters. Building on our col-
lective, extensive and wide-ranging experience, we trust that we have produced
a book which presents a consolidated perspective of the intricacies involved. We
hope that readers enjoy the book and trust that it achieves what it set out to do: to
convey an important message...simply.

August 2013 Rajeev K. Bali
Lodewijk Bos

Michael Christopher Gibbons

Simon R. Ibell
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Rare and Orphan Diseases



Why R&D into Rare Diseases Matter

Remco L. A. de Vrueh

The real voyage of discovery consists not in seeking new
landscapes, but in having new eyes
MARCEL PROUST

Abstract The total number of patients in Europe and the US suffering from a rare
disease is estimated at 30 and 25 million, respectively. Moreover, rare diseases are
not confined to Europe and the US, but affect people all over the world, and con-
sequently represent a true global health issue. As such there can be no doubt that
R&D into rare diseases matter. Specific orphan drug legislations across the globe
have been introduced to stimulate the pharmaceutical industry to further develop
and bring the necessary therapies to the market. A total of 400 of these products
have made it to the market in the US, 70 have done so in the EU, and they are truly
making a difference for specific patients suffering from a rare disease. However,
for the majority of rare diseases no appropriate medical interventions or care exist.
In this chapter will show that in the last decades considerable progress has nev-
ertheless been made in rare disease understanding. I will show that translation of
rare disease research into orphan drug development represents one of the most
important steps towards alleviating the burden for patients suffering from a rare
disease. Moreover, developing an orphan drug is certainly feasible, but also tough,
not without risk and requires a great deal of persistence. In my view, the way for-
ward to give a new stimulus to R&D into rare diseases is to ensure that countries
across the globe join the fight against rare disorders. Apart from western world
countries and Japan, other countries, like China, India and Turkey have to step into
the arena thereby really making it a global fight against rare disorders. Recent data
shows that this is exactly what is happening at the moment. Finally, if we want to
move rare diseases to the next level we should not merely focus on stimulating

R. L. A. de Vrueh (D<)
Rare Disease Matters, Louis Elsevierstraat, 2332 PM Leiden, The Netherlands
e-mail: remcol13 @planet.nl

R. K. Bali et al. (eds.), Rare Diseases in the Age of Health 2.0, 3
Communications in Medical and Care Compunetics 4,
DOI: 10.1007/978-3-642-38643-5_1, © Springer-Verlag Berlin Heidelberg 2014



4 R.L. A. de Vrueh

rare disease R&D in general but also focus on the specific needs at disease (class)
level. Of course, this should be done in close interaction with all stakeholders,
including patient organizations and learned societies.

Background

Rare diseases are a complex and heterogeneous mosaic of an estimated 6,000—8,000
conditions, many of which are of genetic origin and affect children at a very early
age (Van Weely and Leufkens 2004; European Commission 2013b). A rare disease
is, according to the European definition, a life-threatening or chronically debilitating
condition from which not more than five affected persons per ten thousand citizens
in the European Union (EU) suffer (Eurordis 2013). In the United States (US), a rare
disease is defined as a disease that affects less than 200,000 inhabitants (Haffner et
al. 2002). The majority of the estimated 6,000—8,000 rare diseases has a prevalence
of less than 10 patients per 1 million inhabitants (less than 5,000 patients in the EU)
(Aymé and Hivert 2011). The total number of patients in Europe and the US suf-
fering from a rare disease is estimated at 30 and 25 million, respectively (Eurordis
2013). Moreover, rare diseases are not confined to Europe and the US, but affect
people all over the world, and consequently represent a true global health issue. As
such there can be no doubt that R&D into rare diseases matter.

Rare diseases exist in all disease classes and range from exceptionally rare dis-
eases that occur in only a few individuals worldwide to more prevalent, but still
considered rare diseases. Examples of more well-known rare diseases are cystic
fibrosis (CF), haemophilia and phenylketonuria. However, the majority of rare dis-
eases are less well-known. Who is familiar with diseases like Hunter syndrome,
tyrosinemia type I or alkaptonuria?

Although rare diseases have been around for centuries, it was not until the early
eighties that policy makers started to pay attention to the needs of patients suffer-
ing from a rare disease. Because of the rarity, the cost of developing and market-
ing a medicinal product to diagnose, treat or prevent a rare disease would not be
recovered by the expected sales of the product under normal market conditions.
In order to overcome this hurdle, in several jurisdictions specific legislation has
been introduced to stimulate the research, development and bringing to the market
of appropriate medication for rare diseases, so-called orphan drugs: US in 1983,
Singapore in 1991, Japan in 1993, Australia in 1998, and the EU and Taiwan in
2000 (Franco 2012). The underlying principle of the legislation is that patients suf-
fering from rare conditions should be entitled to the same quality of treatment as
other patients. In general, the legislation aims to stimulate orphan drug research
and development (R&D) through a number of regulatory and economic incentives,
of which a market exclusivity period of seven and ten years in the US and the EU,
respectively, is regarded as being the most important. Other incentives are a num-
ber of regulatory fee reductions and/or waivers and free scientific advice.

Since the introduction in 1983 of the US Orphan Drug Act, more than 2,500 prod-
ucts have been recognised as potential products for tackling a rare disease and have
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obtained an orphan designation (OD) in the US. More importantly, over 400 prod-
ucts have obtained a marketing approval and they target more than 200 rare diseases
(Franco 2012; Braun et al. 2010). In contrast, in the decade prior to 1983 fewer than
ten such products came to market (Haffner et al. 2002). Since the EU Regulation on
Orphan Medicinal Products (OMP) came into force in 2000, more than 70 Orphan
Medicinal Products (OMPs) have been approved for marketing and more than 1,000
medicinal products have received an OD in the EU (Franco 2012; COMP 2011).

The numbers are truly impressive and just like the US Orphan Drug Act
(Haffner 2006), the EU Orphan Drug Regulation is highly appreciated for its role
in creating a favourable orphan drug development environment and making ther-
apies for patients with rare diseases available (COMP 2011). However, creating
a favourable orphan drug development environment is only one part of the story.
The other part is whether the introduction of specific orphan drug legislation has
also stimulated research into rare diseases. Like regular drug development, the
foundation of any orphan drug development programme is the availability of suf-
ficient disease understanding. Only fundamental and clinical research into a rare
disease (e.g. aetiology, diagnosis and genetics) can reveal the necessary drug tar-
gets (Griggs et al. 2009), which, in turn, can be translated into the discovery of
potentially interesting drug leads and subsequent drug development (O’Connell
and Roblin 2006). Development of an orphan drug is thus the actual translation of
the findings from fundamental and clinical rare disease research, much of it pub-
licly funded. More importantly, translation of rare disease research into orphan
drug development represents one of the most important steps towards alleviating
the burden for patients suffering from a rare disease.

Although rare disease research and translation of this knowledge into an orphan
drug development programme is clearly crucial, it is impossible to assess whether
the introduction of specific orphan drug legislation has had a positive impact on
rare disease research. First, the introduction of specific orphan drug legislation has
been accompanied by the introduction of various specific rare disease research pro-
grammes across the globe (see Aymé and Rodwell 2012 for an extensive overview).
Moreover, through a number of research and information networks, like TREAT-
NMD (2013) and Orphanet database (2013), infrastructure has been given more
attention and has greatly facilitated the exchange of views, experience and collabo-
ration in the area of rare diseases (Aymé and Rodwell 2012). Finally, like medical
research in general, rare disease research continuously benefits from the growing
knowledge of disease biology and genomics (Van Weely and Leufkens 2004).

Although it may be impossible to quantify the impact of the aforementioned
initiatives on R&D into rare diseases, better understanding of the translational pro-
cess is certainly warranted. An improved understanding of the dynamics surround-
ing rare disease research and the translational process into product development
represents an important step towards enhanced orphan drug development and ulti-
mately reducing the burden of rare diseases. In this chapter will share with you
some of my findings in the area of rare disease research. Next, I will provide a
more in-depth description of factors that have been identified as important in the
translation of rare disease research into the orphan drug development programme.
Finally, I will briefly touch upon the orphan drug development process itself.
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Rare Disease Research

Jewish writings of the 2nd century AD provided circumstantial evidence for the
existence of what is now known as haemophilia (National hemophilia foundation
2013). They describe a Rabbi ruling to exempt a woman’s third son from being
circumcised if his two elder brothers had died of bleeding after circumcision.
Although other causes for his sudden death have been mentioned, a recent study
suggests that the legendary Egyptian pharaoh Toetanchamon suffered from sickle
cell anaemia, a rare blood disorder. The message here is that although we are only
recently addressing the issue of rare diseases, these diseases have been around for
centuries. However, it was not until the end of the 19th century that research into
rare diseases really took off. Around that time a number of rare metabolic condi-
tions, like alkaptonuria (Garrod 1902), Tay-Sachs disease (Tay 1881; Sachs 1887)
and Gaucher disease (Gaucher 1882) were first described in scientific proceedings.
Since then the number of rare diseases has been growing and has resulted in the
6,000-8,000 conditions we know today.

Bibliometric studies on rare diseases are limited (Esen et al. 2011; Carey 2010;
Leshem et al. 2010; Escudero Gomez et al. 2005), and studies on research funding
in the area of rare diseases are even more scarce. Reinecke et al. (2011) studied
the funding of rare disease research in Germany. Although the authors revealed
great difficulty in retrieving solid data, their pilot study showed enormous defi-
cits and inequities in rare disease research. Although there were only a few, all
the bibliometric studies revealed a growth in scientific output at an individual
disease level. Al-Shahi et al. (2001) compared scientific output of rare neurologi-
cal conditions with non-rare neurological conditions (total of 44 diseases). They
showed that, based on the publication ratio (number of papers/disease frequency),
rare neurological conditions like Creutzfeldt-Jakob disease (incidence 0.02 per
100,000) and Wilson’s disease (prevalence 0.4 per 100,000) exhibited a dispropor-
tionately larger research interest than, for example, stroke and transient ischaemic
attack (combined incidence 250 per 100,000 or migraine (prevalence 10,000 per
100,000). Of course, this is only relative and in absolute numbers more common
neurological conditions easily outperform rare neurological ones.

To better understand rare disease research, Heemstra et al. (2009) performed a
bibliometric study in which the scientific output of a large group of rare diseases was
evaluated (following text adapted with permission (author’s right)). The disease data-
set consisted of 588 rare diseases, distributed over 3 prevalence classes, with 161 dis-
eases in the 0.1-0.9 per 100,000 prevalence group, 248 in the 1-9 per 100,000 group
and 179 in the 10-50 per 100,000 group. More than 60 % (N = 375) of the diseases
included in the study belonged to the disease classes (ICD; N) of oncological (CO0—
D48; 59); endocrine, nutritional and metabolic (EO0-E90; 87); nervous system (GOO—
G99; 85); or congenital (Q00-Q99; 144) diseases. For each disease, Heemstra et al.
determined the number of publications in four time periods: 1976-1983, 1984—1991,
1992-1999 and 2000-2007. Figure 1 provides an overview of the average number
of publications per disease for the disease classes for the consecutive time periods.
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Fig. 1 Average number of publications per disease, by disease class and time period. The num-
ber of publications of each rare disease included in the study was determined with a search in
PubMed (http://www.ncbi.nlm.nih.gov/pubmed/). For each disease, a PubMed search string
was composed consisting of the disease name and synonyms of the disease mentioned in the
Orphanet database (http://www.orpha.net). Possibilities for wrongful inclusion of a publication
caused by a disease with the name of an author (e.g. Wilson disease) or a geographic region (e.g.
Japanese encephalitis, West syndrome) were addressed by including Boolean NOT statements
and PubMed search field tags for these terms, in a way comparable to that of Mendis and Mclean
(2006). All searches were limited to English language articles and original research or case
reports only. Reviews, comments and letters were excluded. Figure taken from Heemstra et al.
(2009) with permission (author’s right)

The average number of publications per disease increased over time for all 588 dis-
eases in the study, from 330 publications in the period 1976-1983 to 1319 publica-
tions in the period 2000-2007, indicating a consistent increase in scientific output
from 1976 to 2007. Comparison with the general increase of number of publications
on overall biomedical research from 1976 to 2007 revealed that the observed increase
is not statistically different from the general trend (data not shown). It appears that
the introduction of the numerous research programmes and networks in the US, the
EU and other jurisdictions has allowed our understanding of rare diseases to advance
at a similar pace as more prevalent diseases. However, through its Framework pro-
grammes, the European Commission (EC) has funded numerous research propos-
als since the early 1990s. Between 2007-2010 a total of 50 proposals were funded,
of which approximately 17 focussed on fundamental research and 8 on (pre-)clini-
cal development of orphan drugs (Aymé and Rodwell 2012). A similar trend can
be observed in the US where the National Institutes of Health (NIH) Office of Rare
Diseases Research (ORDR) coordinates and authorises US investment in the devel-
opment of diagnostics and treatments for patients with rare disorders. Programmes
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like the Undiagnosed diseases program (U.S department of Health and Human ser-
vices 2013a) and the Rare Diseases Clinical Research Network (U.S department of
Health and Human services 2013b) have been initiated to speed up R&D into rare
diseases. Of course, the study by Heemstra et al. only focussed on research quantity
and not quality, which is serious a limitation of the study.

What may be less encouraging is that a rather skewed distribution was observed
with the highest average number of publications per disease observed for the dis-
ease class of oncological diseases. Apparently, rare cancer conditions seem to ben-
efit more from available research funds (public and private) than all the other rare
diseases. Some rare disease classes seem to hardly benefit from available research
funds. One explanation could be that they all have to compete for the same
research funds. Moreover, it is not uncommon that rare disease researchers have
to compete with more prevalent disease researchers for the same funds (Aymé
and Rodwell 2012; Van Weely and Leufkens 2004). Finally, research funds may
have already been allocated to a specific disease class. This is certainly true for
oncology. There is a considerable amount of public and private expenditure on
oncology research, both in the USA and the EU, and a high-level transnational
research infrastructure has evolved (European Cancer Research Managers Forum
2007; Eckhouse and Sullivan 2006). It is important to understand that rare cancer
conditions have to compete for the same funds with more prevalent types of can-
cer, like colon and breast cancer.

There is sort of a “downside” to the growth in scientific output in the area of
rare diseases. Through continuous research, in particular genetics, we are dis-
covering that many rare disorders actually consist of various unique subtypes
(e.g. Neuronal ceroid lipofuscinosis, mitochondrial DNA depletion syndrome,
Congenital disorder of glycosylation). Each year about 250 new rare diseases or
subtypes are described (Van Weely and Leufkens 2004). To illustrate the latter I
have compiled a small dataset of around 350 low prevalence rare metabolic dis-
orders (prevalence < 1/100,000 or < 5,000 patients), and shown when their clini-
cal features were first described. As clearly depicted in Fig. 2, the data confirms
the growth in the number of low prevalence rare (metabolic) disorders over time.
What is interesting to notice is that the number of low prevalence rare metabolic
disorders really started to go up around the time when the DNA structure was
resolved (Watson and Crick 1953). Of course, the data is far too limited to deter-
mine a real cause and effect relationship. Over time there have been many piv-
otal discoveries in genetics that have made, and are making a difference. Just to
name two: DNA sequenced for the first time (Sanger et al. 1977) and completion
of the human genome project (Venter et al. 2001). Also, important discoveries in
disciplines like biochemistry, cell biology and molecular biology have made con-
siderable contributions (De Duve 1974). What may be worrying is that the num-
ber of rare disorders, in particular low prevalence rare ones, is growing at a much
higher pace than therapy development. It is essential that the rare disease genetics
research is accompanied by more translational research into disease aetiology and
pathophysiology to provide the necessary targets and leads for an orphan drug
development programme.
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Fig. 2 Cumulative number of ultra-rare metabolic disorders over time (first clinical features
described) for three prevalence categories

Translation of Research into Development

In principle, translational medicine describes the process of using the understanding
of diseases to enable patients to access effective therapies. The translational medi-
cine process consists of three main steps, although some also mention a fourth step
(Homer-Vanniasinkam and Tsui 2012; Szczerba and Huesch 2012). When we focus
on drug development, the first step (T1) is the actual translation of disease under-
standing into a phase I or first in man clinical study. A review of the summaries
of opinion of the EU orphan designations reveals that the stage of development at
the time of application varies from preclinical to clinical development (European
Medicines Agency 2013). An orphan designation can thus be regarded as the first
proof that studies are being conducted with the aim to develop an orphan medici-
nal product for a specific rare condition. The next step (T2) is the expansion of the
clinical development programme towards the larger phase III trials and eventually
approval. Clinical development of orphan drugs can be challenging and this will be
discussed in the next paragraph. Finally, once a therapy has been approved, its use
will have to be monitored and evaluated in the world-at-large (step T3).

For the majority of rare diseases no appropriate medical interventions or care
exist. One explanation is that for many rare diseases there is little knowledge
about the aetiology, pathophysiology and/or limited insight into their natural his-
tory (Van Weely and Leufkens 2004; Rare Disease Task Force 2009). Here, a clear
need for more fundamental research exists; without it healthcare innovation and/or
product development is not feasible. Even if a considerable disease understanding



10 R.L.A. de Vrueh

is available, the translation into product development or healthcare innovation may
still be hindered. Reasons for a hampered translation may vary from lack of fund-
ing to the absence of a suitable preclinical model to establish a proof of principle.
Finally, for some rare diseases, translation of research into product development
or healthcare innovation has taken place, but product approval or implementa-
tion of healthcare innovation is hampered due to for instance the complexity of
the disease. An example in this respect is cystic fibrosis. This chronic lung disease
has been studied extensively for decades, however, the first medicine (ivacaftor;
Kalydeco) to treat the underlying cause of cystic fibrosis was only approved
recently (Perrone 2012).

Although knowledge is lacking, at an individual disease level several stud-
ies have appeared that describe the enormous progress that has been made from
understanding the disease to the translation of this knowledge into a potential ther-
apy. Take for example, lymphangioleiomyomatosis (LAM), a rare progressive lung
disease which causes cystic destruction and eventually respiratory failure over one
to two decades in young women (Henske and McCormack 2012). Over a period
of fifteen years the genetic basis of LAM has been elucidated and has revealed
targets to kill the LAM cells responsible for the clinical and pathological features
of LAM. Moreover, clinical trials with Sirolimus, a product approved in the US
to prevent rejection in organ transplantation, are ongoing (Bissler 2008). A simi-
lar story applies to cystinosis, an autosomal recessive disorder caused by muta-
tions of the CTNS gene, which encodes a ubiquitous cystine-specific transporter
(cystinosin) in the lysosomal membrane (Goodyer 2011). The disease itself has
already been described in 1903. However, research in the last decade has revealed
the causative gene and provided a better understanding of the natural history of the
disease and its pathophysiology. It has allowed the development of cysteamine as
a potential therapy for cystinosis (Gahl et al. 2007). More recently, the initial step
has been undertaken to translate the disease knowledge into a proof of concept
with stem cells (Syres et al. 2009). What is interesting about LAM and cystinosis
is that both diseases are prime examples in which an important role is being ful-
filled by patient foundations. Organizations like the LAM foundation, the LAM
treatment alliance, the Cystinosis research foundation and the Cystinosis research
network continue to raise considerable funds for LAM and cystinosis R&D. The
focus of these organizations goes beyond supporting R&D. Like many patient
foundations, they also aim to raise awareness and improve the research infrastruc-
ture (e.g. registries) (Mavris and LeCam 2012).

Studies that aim to enhance understanding of the role of translational research
in the area of rare diseases at a higher aggregate level are limited. A study by
Heemstra et al. (2008a) has shown the importance of pharmaceutical innovation
for orphan drug discovery and development, and numerous analyses have empha-
sized that the big challenge in successful drug discovery and development lies in
the translation of biomedical research into discovery and development of a suc-
cessful product (O’Connell and Roblin 2006; Editorial-nature 2008). This trans-
lation incorporates the two-way process of using knowledge from basic research
for the discovery and development of new methods for the treatment, prevention
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or diagnosis of diseases (O’Connell and Roblin 2006; Hall 2002), involving
industry and regulators, as well as academia (Sanchez-Serrano 2006). Although
the increase in biomedical research has failed to deliver the expected flood of
new medicinal products (DiMasi et al. 2003; Lindsay 2003), the opposite may
be true for orphan drugs. Nowadays orphan drugs make up about one third of all
newly approved drugs and biologics in the US (Cote 2011). It is anticipated that
this trend will continue, especially since there is a growing interest from larger
pharmaceutical firms in orphan drug development, best exemplified by the intro-
duction of specific rare disease units at Pfizer and GSK (Melnikova 2012).

Similar to medical research mentioned in the previous paragraph, in both the
US and the EU, certain disease classes—in particular oncology—are associated
with a high number of orphan designations and approvals, compared with disease
classes with less orphan designations (Haffner et al. 2002; COMP 2011; European
Commission 2013c). This skewed distribution of orphan drug development over
the disease classes suggests that certain disease-specific factors favor the transla-
tion of rare disease research into orphan drug development. To better understand
the translational rare disease research process, Heemstra et al. (2009) analyzed the
influence of three major disease-specific factors on the chance for a rare disease
to obtain at least one product with an orphan designation: disease class, research
output and disease prevalence. The outcome of the study confirmed that success-
ful translation of rare disease research into an orphan drug discovery and develop-
ment programme is not only dependent on disease class, but also on rare disease
research output and on disease prevalence.

The disease class of oncological diseases can serve as a valuable role model for
other disease classes. Within oncology, an important boost was given to the trans-
lation of research by the 1971 National Cancer Act. This act provided the National
Cancer Institute with not only the necessary funding and the mandate to support
basic research, but also the application of the results of the research to reduce can-
cer incidence, morbidity and mortality (Haran and DeVita 2005). As already men-
tioned, since then, there has been considerable public and private expenditure on
oncology research, both in the USA and the EU, and a high-level transnational
research infrastructure has evolved (European Cancer Research Managers Forum
2007; Eckhouse and Sullivan 2006). Consequently, knowledge and understand-
ing of oncology have advanced rapidly and have turned oncology into an attrac-
tive challenge for the pharmaceutical sector (Stratton et al. 2009). The observed
differences between disease classes might also be explained by differences in the
feasibility of identifying a suitable targets and drug leads (Overington et al. 2006).
Within oncology, increased emphasis is given to targeted drug discovery (Benson
et al. 2006). A notable success in this area has been the development of imatinib,
the first tyrosine kinase antagonist, which was introduced as an orphan drug for
the treatment of chronic myelogenous leukaemia (Capdeville et al. 2002).

What is equally important is that countries have national policies in place to
stimulate the discovery and development of orphan drugs. To assess the impact of
the EU Orphan Drug Regulation on the development of orphan drugs at a national
level, Heemstra et al. (2008a) categorized the European orphan designations
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between April 2000 and December 2007 by country of origin. The authors defined
country of origin as the country in which the company or institution was located
that was leading the project; from preclinical work to initial clinical development
of the particular product for the designated indication. The outcome of the study
showed that the origin of designated orphan products is not homogenously dis-
tributed across the European countries. Moreover, the authors unveiled a strong
relationship between orphan drug development and pharmaceutical innovation
performance in Europe, and underlined the importance of innovation-based poli-
cies to enhance the development of orphan drugs in Europe.

In brief, those countries that harbor large amounts of pharmaceutical SMEs,
and the countries in which companies spend larger amounts on pharmaceutical
R&D and apply for more patents, do develop more orphan drugs. Interestingly,
Heemstra et al. determined that scientific output in biomedical sciences plays a
part in stimulating the development of orphan drugs as well, but not as large as
innovation in pharmaceutical development. The quality of the science originat-
ing from a country appears to be of less importance than the quality of innova-
tion in pharmaceutical development. It is therefore essential for countries not only
to invest in the quality of their universities and schools, but also to encourage a
climate that fosters innovation in pharmaceutical development. The same applies
for the allocation of resources specifically aimed at orphan drugs; these should
be allocated to drug discovery as well as drug development. There are examples
that illustrate the impact of the allocation of resources on R&D into rare diseases:
The first clinical proof of concept study of Alipogene Tiparvovec (Glybera®),
the first gene therapy product approved in the EU in 2012 (Gallagher 2012), was
partially funded through a translational research programme of the Netherlands
Organisation for Health Research and Development (ZonMw 2005).

Orphan Drug Development

As already mentioned in the introduction, orphan drug regulations have proven
to be an effective strategy to stimulate the pharmaceutical industry to develop
therapies for rare diseases. Some argue that the legislation has allowed the start
of a number of US-based biotechnology companies, like Genentech, Amgen and
Genzyme, and consequently the translation of rare disease knowledge into numer-
ous highly innovative rare disorder therapies (Haffner et al. 2002; Haffner 2006).
Whether this is true is difficult to establish, however, it is clear that particular
biopharmaceutical SMEs have embraced the concept of orphan drugs, and are
generally considered to be the engine behind orphan drug development (Torrent-
Farnell 2005). In the last five years the concept of orphan drugs has been the sub-
ject of numerous studies (Regnstrom et al. 2010; Heemstra et al. 2008b, 2011;
Putzeist et al. 2012; Joppi et al. 2006, 2009, Kesselheim 2011).

Developing an orphan drug is fundamentally different from a regular drug.
This is most apparent during the clinical development stage and concerns several
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factors: too small a number of patients, logistics, ethics (e.g. use of placebos), lack
of validated biomarkers and surrogate end-points, poor diagnostics, limited clin-
ical expertise and expert centres. Many companies focus on the success stories,
and it is true that nowadays orphan drugs make up about one third of all newly
approved drugs and biologics in the US (Cote 2011). However, the downside is
that orphan drugs also excel in non-successful drug approval. In the US between
1998 and 2007 there have been 15 non-approved orphan NDAs (Heemstra et al.
2011). A similar trend was observed in the EU: a total of 43 orphan drug mar-
keting authorization applications were withdrawn or refused (= non-approval)
(Putzeist et al. 2012). What these numbers show is that developing an orphan drug
is certainly feasible, but tough, not without risk and requires a great deal of persis-
tence. Although indirectly, improved understanding of the orphan drug develop-
ment process will not only stimulate innovation, but more importantly facilitate
the availability of therapies for life-threatening and/or chronically debilitating rare
disorders (Heemstra et al. 2008a; Eichler et al. 2008).

An overview of the outcome of the studies mentioned at the start of this par-
agraph has been the subject of a recent review (De Vrueh et al. 2013). In brief,
three main factors were identified that (partially) explain the difference between
approved and non-approved orphan drugs: the pivotal clinical trial stage, the size/
experience of the sponsor and interaction with the regulatory agencies (Heemstra
et al. 2011; Putzeist et al. 2012).

With regard to the pivotal clinical trial stage, although not always statistically
significant, studies by Heemstra et al. and Putzeist et al. revealed the following suc-
cess factors in the clinical development of orphan drugs. Most apparent was the
importance of selecting and achieving a clinically relevant endpoint of the pivotal
trial and identifying the most appropriate target population. In addition, the sub-
mission of sound dose finding data was also found to be important. Interestingly,
other potentially important factors, such as clinical trial rigor (e.g. RCT versus open
label) and the number of patients were not clearly identified as critical success fac-
tors. The latter was confirmed by recent reviews by Joppi et al. (2006, 2009) of
approved orphan medicinal products in the EU in the first decade. They showed
that quite a number of products have been approved based on uncontrolled pivotal
trials with less than 100 patients included in the study (Joppi et al. 2006, 2009).The
authors also expressed considerable criticism with regard to the quality of the reg-
istration dossiers and questioned the level of clinical development programmes. In
their opinion the number of patients studied, the use of placebo as control, the type
of outcome measure and the follow-up have often been inadequate.

Another aspect that was suggested as relevant in terms of influencing the likeli-
hood of approval is the potential of the sponsor to carry out suitable clinical tri-
als (Wastfelt 2006). Although not conclusive, the aforementioned studies indicate
that successful orphan drug development is associated with previous experience of
the sponsor in obtaining approval for another orphan drug (Heemstra et al. 2008b,
2011; Putzeist et al. 2012). Moreover, the outcome in each study revealed the size
of a company as an equally important factor. Basically, the data are in line with
the opinion expressed by experts: orphan drug development can be complicated
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for a variety of reasons and requires experience of developing and marketing an
orphan drug to increase the likelihood of subsequent marketing approval. In par-
ticular, the pivotal clinical trial stage is complex and orphan drug development by
inexperienced companies and/or SMEs can be hampered by a limited geographi-
cal outreach with poor access to patients and a lack of regulatory knowledge and
experience in rare disease clinical trial design (Haffner et al. 2008). To overcome
the gap of inexperience several strategies are being employed, either separately or
combined. First, many former SMEs with one or more approved orphan drugs have
brought on board management with the necessary experience at an early stage.
Second, companies make use of the scientific advice service available at FDA,
EMA, but also various regulatory agencies of the individual EU members. Third,
small-and medium sized enterprises (SMEs) with limited experience are looking
for a collaboration with an experienced partner to bring their product to the market.

Finally, the importance of regulatory dialogue during the (pivotal) clinical trial
stage has been included in a number of studies (Heemstra et al. 2011; Putzeist et al.
2012; Regnstrom et al. 2010). Looking at all market authorization applica-
tions (non-orphan and orphan) in the EU in the period 2004-2007, Regnstrom et
al. showed that requesting scientific advice at the EMA was not associated with
successful drug approval although, complying with scientific advice was identified
as predictive factor for successful approval (Regnstrom et al. 2010). The impor-
tance of compliance with scientific advice as an important predictive factor for suc-
cessful drug approval was confirmed for orphan drugs by Heemstra et al. using US
data (Heemstra et al. 2011). It is important to understand is that this does not mean
that complying with scientific advice should be regarded as a reward for bluntly
accepting the regulators’ views.

The Way Forward

The occurrence of rare disorders does not stop at the US, Japan or EU border, but
affects people all over the world. The way to give a new stimulus to R&D into rare
diseases is to ensure that countries across the globe join the fight against rare dis-
orders. Apart from western world countries and Japan, other countries, like China,
India and Turkey have to step into the arena, thereby really making it a global fight
against rare disorders. Recent data shows that this is exactly what is happening at
the moment.

In particular, China is quickly becoming a medical research powerhouse. A
recent literature search revealed that articles related to basic medical science and
clinical research from China increased each year between 2000 and 2009 (Hu et
al. 2011). In 2011, China was ranked fourth according to a number of medicine-
related publications in the SCImago Country Ranking (in 2000 the rank was 18).
This is a truly remarkable achievement, although some concern has been expressed
with regard to the quality and trustworthiness of the published research. China’s
contribution to rare disease understanding is also growing. A comparison of
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Fig. 3 Relative contribution of Top-15 countries to the total scientific output for 88 rare meta-
bolic disorders (1996-1998: FIRST and 2009-2011: SECOND) and 84 rare nervous system
disorders (1996-1998: THIRD and 2009-2011: FOURTH) PubMed was used to determine for
every “SCImago” top-15 country the total scientific output. For every disease (prevalence 0,
1-50/100,000) a PubMed search string according to Heemstra et al. (2009) was prepared. Via
concatenation search strings were combined into one PubMed search string

scientific output for 88 rare metabolic disorders and 84 rare nervous system dis-
eases between 1996-1998 and 2009-2011 reveals that China now belongs to
the topl0 countries (see Fig. 3). The data reveals an increased scientific output
for almost every country included in the study, however, the scientific output by
Turkey, South-Korea, India, Brazil and especially China is increasing at a much
steeper rate than the western world countries and Japan (data not shown).

China’s growing role in (rare) medical research will certainly make a difference
in our understanding of a number of rare diseases. However, to make a truly mean-
ingful difference for the patient, disease understanding has to be translated into
orphan drug development or some form of health care innovation. Therefore, it is
important to know that China is not only making a difference in understanding dis-
ease, but is also focusing more and more on biopharmaceutical innovation (Rezzai
et al. 2012). A recent publication by Rezzai et al. revealed that China has built
close to 20 high-tech parks with a life sciences component in the last fifteen years.
R&D expenditures as a portion of its gross domestic product has doubled between
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2002 and 2007 (~ US$102 billion in purchasing power parity). Finally, between
1999 and 2007 approximately US$200 million of public funds was devoted to
financing biotechnology companies.

With countries like China, Brazil, Turkey, South-Korea, and India also invest-
ing in R&D into rare diseases it is really turning into a global fight. This will cer-
tainly make a difference in the lives of rare disease patients around the world.

Conclusion

With more than 400 products approved in the US and 70 in the EU, the introduction
of specific orphan drug legislation across the globe has truly stimulated the phar-
maceutical industry to invest in the development and marketing of products for rare
diseases. Although the legislation has been instrumental in this respect, what has
been equally important is the availability of sufficient disease knowledge and the
ability to transfer this knowledge into an orphan drug development programme. At a
high aggregate level, data presented in this chapter shows that rare disease research
has increased at a similar rate to overall medical research in the last decade.

However, the fact of the matter is that for the majority of rare diseases no
appropriate medical interventions or care exist. One explanation is that for most
rare diseases there is little knowledge about the aetiology, pathophysiology and/
or limited insight into their natural history (Van Weely and Leufkens 2004; Rare
Disease Task Force 2009). Even if considerable disease understanding is available
the translation into product development may be hindered because of lack of fund-
ing or the absence of a suitable preclinical model to establish a proof of principle.
Finally, product approval can be hampered due to the difficulties that are associ-
ated with the clinical development of an orphan drug.

What becomes clear is that if we want to move rare diseases to the next level
we should not merely focus on stimulating rare disease R&D in general but also
on the specific needs at disease (class) level. Of course, this should be done in
close interaction with all stakeholders, including patient organizations and
learned societies. In this respect, the disease class of oncological diseases can
serve as a valuable role model for other disease classes. Public support has never
been better. A recent special Eurobarometer that focussed on European awareness
of rare diseases revealed that Europeans have a relatively accurate understand-
ing of what rare diseases are but detailed knowledge and awareness remain low
(European Commission 2011). Moreover, in the same survey, strong support for
policy initiatives linked to rare diseases at both national and European level was
expressed.

The first step in Europe, which is already underway, will be to link national
efforts within a common European strategy for rare disease management, with the
aim of levering national research resources on rare diseases through synergistic
cooperation and preparation of joint strategic activities (Europlan 2013; European
Commission 2013a). In the US, the National Institutes of Health are already
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providing support for specific, preclinical research and product development for
rare and neglected diseases. To further maximise scarce resources and the coordi-
nation of research efforts, the EU and the US have recently joined forces and are
the key players in the International Rare Diseases Research Consortium (2013).
Through IRDiRC they want to achieve two main objectives: to deliver 200 new
therapies for rare diseases and means to diagnose most rare diseases by the year
2020. This is certainly a goal I can live with.
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Our only child, Julia, suffers from an orphan disease known as APS 1. It is
an autoimmune disease that causes dysfunction predominantly, but not exclu-
sively, in the endocrine system. It is a genetic disorder associated with a defect
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in the AIRE gene. Currently, it is believed that APS 1 attacks one in 2,000,000
people: approximately 17 in Canada, and 160 or so in the United States. While
it can attack many tissues in the body, it is best known as a disease that causes
hypoparathyroidism (leading to hypocalcaemia), chronic candidiasis (inability
to fight off yeast infections) and adrenal failure (by itself known as “Addison’s
Disease”). My wife Jennifer and I refer to those symptoms as the trifecta. But
they represent only the minimum—the entrance criteria for membership in this
small group. According to Julia’s doctors at SickKids Hospital in Toronto, and
our own ever-expanding understanding, she was hit by the disease very early
and very hard.

The Long Road to Diagnosis

Julia enjoyed a very healthy first year of life and met all of her physical mile-
stones early. Shortly after her first birthday, she began to suffer from fevers that
continued for days and a strange rash that looked like a map of the world (later
identified as giant urticaria). After a bout of pneumonia and gastro-intestinal
blockages, tests showed that Julia had dysphagia (a problem swallowing that
can lead to aspiration of food and fluids). She then got sicker. From that point,
she lived the better part of her toddler-hood in hospital, undiagnosed until she
was about two-and-a-half years old. She spent almost three months in the CCU
(Critical Care Unit) and most of that on a ventilator due to serious lung infections
related to chronic aspiration.

She was seen by scores of talented specialists at SickKids, a smaller group
at the NIH in Bethesda, MD and many were consulted world-wide. None knew
the answer. As one senior pediatrician told us in the early days, “sometimes, we
need to wait and the disease will present itself”. In Julia’s case, APS 1 arrived
wearing a disguise. Chronic lung infections, urticaria, prolonged fevers, gastro-
intestinal blockages and oral thrush are not specific to APS 1. So it was not until
hypoparathyroidism emerged and genetic tests were ordered that the diagnosis
was made.

During that year-and-a-half, Julia was followed by over 10 departments at
SickKids. Leukemia, lymphoma and degenerative muscle disease featured on the
differential diagnosis. It was a terrifying period of limbo. As disease after disease
was ruled out, APS 1 caused serious and irreparable damage to Julia’s lungs, para-
thyroid, adrenal, salivary and tear glands. From this, further complications have
cascaded.

To our surprise (and eternal gratitude), it was Julia’s dermatologist who first
mentioned the possible diagnosis. Autoimmune Polyendocrinopathy Type I. 1 asked
her to repeat it. I wrote it down on a yellow sticky as though it was the winning
number of the next lottery. And I kept it until the genetic results came back.

Such is the hunger for diagnosis. Any diagnosis.
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Treatment at Last

After the diagnosis was made, we agreed to an aggressive trial of steroids. The
results were dramatic and the long road to rehabilitation began. Now, almost seven
years later, Julia’s complicated medical regimen includes immune-suppression
therapy and supplements, and she still has a g-tube because her dysphagia has
improved but has not yet resolved. While she is frequently sick and often in hos-
pital, she is otherwise a thriving, beautiful, bright and active girl. She is also wise
beyond her years and her spirit is an intoxicating force. But most importantly, she

is happy.

What I Have Learned...

Patient Care is like Warfare

Over the course of caring for Julia through the various stages of her illness, from
undiagnosed and grave to identified and chronic, I have learned that patient care
is like warfare. Some battles occur, of course, between the patient or her caregiv-
ers and the doctors and hospitals, but that is not what I mean. What I mean is that
there is a common enemy-disease-against which many people fight using the vari-
ous tools at their disposal. This war is waged by patients, their families, caregiv-
ers and countless healthcare professionals with differing backgrounds over many
weeks, months and years. It is waged with high-tech weaponry: modern diag-
nostic instruments, pharmaceutical products and non-traditional supplements. In
response, the disease engages in covert and guerrilla tactics.

As a caregiver, one has to engage in relentless efforts at advocacy, diplomacy
and bargaining—usually in combination. And as with any lengthy war, battle
fatigue can set in. Some become separated, never to be heard from again. Many
stop fighting: some because they do not understand the cause, others simply from
exhaustion. In this, caregivers have to focus their dwindling energy on ensuring
that the goal is kept in sight.

Lost Health must be Mourned

Anyone who has been touched by serious illness understands intimately that lost
health, like other bereavements, must be mourned. Rare diseases can take more
time to diagnose than more common diseases because medicine tends to oper-
ate on the principle that “common things are common”. Diagnosis is a process
of elimination. So, in relative terms, the patient can lose more to a rare disease
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than to a readily discernible one. In the case of some rare diseases, the hardship
of mourning the former “normal” self is compounded by the awareness that some
health could have been salvaged with early diagnosis.

Rare Diseases can Cause Extreme Isolation

Serious illnesses isolate people. Julia has spent a significant part of her life in
hospital, away from her peers, and so have we as parents at her bedside. Because
she routinely suffers from pneumonia, she must frequently be kept in “isolation”
within the hospital for infection control purposes. When that happens, she is kept
separate from her peers in the community and in the hospital. At times like those,
we are especially thankful to have Tory, Julia’s loving COPE Service dog.

SickKids is, by any standard, a lovely building with fountains, several restau-
rants, and even a shopping area. But when you live there for months, it loses its
veneer as you see the same exhausted parents shuffling up and down the halls,
coffee in hand, around the clock. At those times, I have compared it to the island
of misfit toys.

Disease also isolates people by making them (and their caregivers) different,
or “other”. Even when not physically isolated, you can often feel alone because
family, friends and coworkers simply do not (and cannot) understand what you are
going through. While it is almost an oxymoron, isolation can be felt together, as a
couple or family. Fortunately, there are groups of people who band together under
the banner of their particular disease. I always knew these groups existed in the
world. They sold lottery tickets and marathons were devoted to them. But they did
not exist in my world. They do now. For rare diseases, though, they are harder to
find and their populations are both smaller and more diffuse. They are therefore
less powerful at attracting attention and much needed research funds than their
more “mainstream’ counterparts.

We in the orphan disease camp can feel connected to one another on the inter-
net, but we are literally countries apart in the real world. Nevertheless, these
groups are an enormous wealth of knowledge. They empower us to bring informa-
tion to the attention of health professionals. They also give us a sense of commu-
nity, albeit on a virtual island of misfit toys.

Adapting to a New and Ever-Changing Normal

Sufferers of serious disease and their caregivers have to adapt to a “new normal”
in ways that can be unimaginable to the healthy. Some are unable to. We have seen
families permanently torn apart by life in the SickKids CCU. Others weathered the
storm together, only to fall apart when relative calm was restored. In our case, APS
1 has tightened the bonds of our small and extended family.
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APS 1 is poorly understood and its course is difficult to predict. It took hold
of Julia’s life when she was one year old—among the earliest recorded cases, we
are told. No one can explain why Julia, who is cognitively normal (gifted, in fact),
has dysphagia. Every time she has pneumonia, her team wonders whether it is
infectious or auto-immune. Many of her high and countless fevers strike without
warning and leave the same way. Others foreshadow hospitalization. APS 1 is also
associated with other serious illnesses including autoimmune hepatitis, retinal dis-
ease and diabetes, to name just a few.

So for us, living in the “new normal” is a bit like walking through a minefield.
But we do it hand-in-hand-in-hand. While Jennifer and I are in a constant state
of “high-alert”, Julia is miles ahead of us. She loves to hear idiosyncratic things
about herself as a baby. She was born on her due date. She did not sleep that night.
She refused to be swaddled and had to have at least one free arm. Recently, she
said of those things that “maybe I was trying to tell you and Mama that I had a
rare disease”. I think Darwin himself would wonder at Julia’s adaptability!
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Abstract The latest methods for sequencing DNA have already revolutionized
our approach to the management of very rare diseases. It is now possible—using
whole genome sequencing and whole exome sequencing of genomes—to diag-
nose phenotypically complex monogenic diseases in a significant number of cases.
A pan-Canadian initiative launched in 2011 (FORGE) has developed a highly
sophisticated and productive pipeline that has identified the causative genes for
67 % of cases studied. This has obvious impacts that are immediately actionable
for families and their caring physicians as well as implications for implementing
models of personalized medicine. It also promises to impact profoundly on our
understanding of pathway biology and could accelerate the speed at which we
develop medicines for both rare and common diseases.

Introduction

Due to the unprecedented technological advances in our ability to “read” our DNA
(our personal code of life) the time is rapidly approaching when we will have our
personal genome sequenced and available for a variety of health-related interro-
gations. The first human genome was sequenced at a cost of $3 billion and took
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thousands of scientists over 10 years to complete (International Human Genome
Sequencing Consortium 2001, 2004; Venter et al. 2001). Less than 10 years after
the first genome, any one of the many established genome sequencing centers in
the world (of which there are 3 in Canada) can do the job in a few days for around
$5,000. What other area of science and technology has undergone such a rapid
evolution where the cost of a significant operation has dropped by around 1 mil-
lion fold within a ten year period?

No wonder then that the biomedical world is abuzz with a profusion of poten-
tial applications for this now accessible technology. How will the enormous
amounts of information generated through high throughput DNA sequenc-
ing be analyzed, by whom, who will own the data and how on earth will we
integrate this “new world” of medicine into an already stressed healthcare sys-
tem? In order to answer these questions we need to understand what our per-
sonal genome can tell us about our individual health status at any one time and
to what extent this information can inform us with regards to our susceptibility
to certain diseases later in life. As importantly, we have to understand what our
genome sequence cannot now tell us about our destiny and what it shall never be
able to. The degrees to which our genes impact our health differ greatly depend-
ing on the condition or disease in question. As usual, with any biological system
there is a wide spectrum of situations; the end of each spectrum is illustrated in
Fig. 1.

Spectrum of Genetic Contribution to Disease
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Fig. 1 The spectrum of genetic contribution to disease spans a range from very rare diseases
with strong genetically determined outcomes to more common chronic diseases with more com-
plex genetic and environmental etiology
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At one end are the single gene disorders that are relatively rare in any given
population (and the subject of this chapter). These include the majority of
extremely rare diseases that affect perhaps one in several hundreds of thousands
of individuals, and fewer more prevalent ones like cystic fibrosis, certain forms of
bleeding disorders (hemophilia) and Huntington disease that affect one in a few
thousand. For these diseases, the genetic component is the main (if not unique)
driver of the disease. No matter what environmental factors are at play, if someone
is unlucky enough (and, yes, it is a matter of which cards you have been dealt with
to go through life’s journey) to have a certain mutated gene for one of these disor-
ders, then he or she will most likely have the disease.

At the other end of the spectrum, there are the more common chronic diseases
where many genes may cooperate together to confer susceptibility to a disease. The
disease will, however, manifest itself only if environmental components (including
lifestyle choices) are added to the mix. An example is type 2 diabetes which is driv-
ing healthcare costs to unsustainable levels in most developed countries. There is a
genetic component to type 2 diabetes but the disease will express itself preferentially
in those who, for example, do not take regular exercise, whose nutrition is subopti-
mal, and who consume alcohol at above average levels (Moore and Florez 2008).

We will see later on how discoveries at one end of the spectrum can inform how
we cope with complex diseases at the other end but, for now, let us concentrate on the
very rare genetic diseases that affect from one in 50,000 to one in one million people.
The causative mutations are referred to as highly penetrant, meaning that they almost
always cause disease. Given that a single gene is involved they are referred to as mono-
genic or Mendelian diseases, the latter term reflects that the vast majority of these dis-
eases respect the first laws of genetics laid down by the Austrian Augustinian monk
Mendel (1865). Mendel worked for 8 years, using the garden pea as model system,
performing the fundamental experiments on which much of modern genetics is based.

In this chapter we will describe the outcome of a two-year program of research
from a pan-Canadian network that brings pediatric clinicians, clinical geneti-
cists, scientists and high throughput genome centers together. This project (called
FORGE, see below) has already had a major impact in rare disease research. As
we will show, FORGE has given Canada a front line role internationally in the
quest to solve the mysteries of rare diseases, many of which have been under
investigation for decades without much progress toward their understanding. The
new knowledge emanating from this initiative will not only help the affected fami-
lies directly but will, we believe, have profound effects on how we establish an
evidence based approach to personalized health in Canada.

Technology

The rapid development in DNA sequencing and bioinformatic analyses of
genomes has facilitated truly revolutionary progress in the rare disease field;
the work summarized below was not conceivable even 5 years ago from both a
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financial and technological viewpoint. So what have been the main technological
breakthroughs that have enabled this paradigm shift? The so called next-genera-
tion DNA sequencing technologies were developed shortly after, and as a direct
result of, the Human Genome Project (HGP) (International Human Genome
Sequencing Consortium 2001, 2004; Venter et al. 2001), a ten-year $3 billion
effort that profoundly altered our fundamental understanding of the genome at a
number of levels. Given the complexity of the human organism, it was predicted
by many that there would be over 100,000 (and perhaps several hundred thousand)
genes in our genome, far greater than the current estimate of 22-25,000 func-
tional genes (just a few more than a nematode worm). It would thus appear that
the far greater complexity of humans as compared to a nematode worm derives
from the 95 % of the genome outside the protein coding region. Second, when
human genomes were compared with one another, it became clear that the number
of repeated stretches of DNA sequence, (i.e. copy number variants or CNVs) was
much greater than anticipated (Feuk et al. 2006). From a practical and technical
point of view it also became clear that, although very robust, the traditional Sanger
DNA sequencing methodology which had been the gold standard for several dec-
ades (and remains useful today for many specific uses) had limitations in terms of
scalability and cost. If the analyses of hundreds or thousands of human genomes,
and the development of reference sequences for several key species in the living
world with complex genomes such as wheat, conifer trees or salmon were to be
undertaken, new approaches were clearly needed.

Several groups thus started to work on developing scalable technologies capa-
ble of determining short stretches (or reads) of DNA sequence on a massively
parallel scale, as well as the powerful computational based bioinformatic tools to
assemble them, making alignments with the reference human genome sequence
(Bentley et al. 2008; McKernan et al. 2009). This field exploded from 2007
onwards; in the following 4 years the capacity to sequence DNA increased by
1,000 fold per sequencing run! Thus in 2007 it cost about $500,000 to sequence
one human genome and in 2011 it was possible for $10-20,000—a 25-50 fold
reduction. Exomes (the portion of the genome which encodes protein and is
reflected in the number of genes) could be sequenced for $3,000 meaning this
technology was now available for the analysis of small cohorts such as those
used to elucidate the causal mutations underlying rare monogenic diseases. Both
Genome Canada and the Canadian Institutes of Health Research (CIHR) imme-
diately saw value in initiating a partnership. The vision was to bring existing high
throughput sequencing platforms and large scale genomics research supported by
Genome Canada together with the extensive expertise and patient resources found
in the large network of CIHR funded scientists and Canadian clinicians; the result:
a very productive partnership.

Since 2000, Genome Canada has invested heavily in both the technologies and
large scale genomics projects changing the landscape of Canadian science in this
realm. Because of the decade-long sustained investment, Canada could hit the
ground running when the opportunity came to tackle rare diseases. The genome
sequence focused Science and Technology Innovation Centres (STICs) in Canada
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(one at McGill University in Montreal, one at the Hospital for Sick Children in
Toronto and one at the BC Cancer Agency in Vancouver) had been at the cutting
edge in the ten years since the HGP and were thus primed for this opportunity. In
addition, because of their inherent skill and the fact that the Canadian health care
system is organized around public single payer systems funded by provincial gov-
ernments, the existing pediatric networks, medical geneticists and CIHR funded
clinician scientists were rapidly able to provide a large number of extremely
well phenotyped patients and families affected with rare, presumably monogenic
diseases.

Recent Progress in Rare Disease Research in Canada

Collectively, rare diseases affect approximately 500,000 children in Canada with
an estimated annual cost to the health care system measured in the billions of dol-
lars. Although the cause of a monogenic disease is simple (i.e. a single gene), the
clinical manifestations are sometimes so complex that a clear diagnosis is very
challenging. Affected families may thus spend years visiting many disciplines of
medical practice, undergo a myriad of clinical testing involving blood draws, tis-
sue biopsies, sophisticated (and expensive) imaging technologies often with an
inconclusive result. This long and frequently non-productive journey is referred to
as the diagnostic odyssey. However, the new genomics-based approach promises
that very soon, a patient presenting to the genetics clinic with features of a rare
genetic disease will have a rapid, comparatively inexpensive and accurate molecu-
lar diagnosis, a true revolution in the care of patients and families affected by these
disorders. In Canada we have been gaining insight into this future reality through
a rare disease initiative called FORGE Canada (Finding of Rare Disease Genes in
Canada) initiated in April 2011.

FORGE is led by Drs Kym Boycott (Children’s Hospital of Eastern Ontario
Research Institute, University of Ottawa), Jan Friedman (Children’s and Women’s
Hospital, University of British Columbia) and Jacques Michaud (CHUM Sainte
Justine, University of Montreal). It is supported by Genome Canada, the Canadian
Institutes of Health Research, Genome British Columbia, Genome Quebec, the
Ontario Genomics Institute and the McLaughlin Centre, Toronto. The early suc-
cess of this initiative is due to four main strengths (1) the scientific strength and
inclusive nature of the team leadership, (2) the network of clinicians who have
access to superbly defined clinical phenotypes and family history data reflective
of a publically funded health system, (3) intimate links with the Genome Canada
funded Science and Technology Innovation Centres which provide the latest cut-
ting edge high throughput DNA sequencing and bioinformatic analysis of human
genomes, and (4) a flexible funding model that allowed, in the first instance, CIHR
and Genome Canada to launch an innovative call for proposals.

From the outset, it was decided (on a Canada-wide basis) which of the 350
diseases proposed by the more than 150 FORGE members would have the most
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chance of benefitting from the genome sequencing technology—defined as arriv-
ing at a molecular etiology for a particular disease. The inclusion and exclusion
criteria were configured by a steering group of Canadian investigators, clinical
geneticists and genomics experts. The result was a pipeline of approximately 200
disorders that were primarily subjected to whole-exome sequencing analysis with
a small subset of disorders undergoing a whole-genome sequencing approach.
Currently over 100 genes have been identified as causal for the different diseases
studied. About half of these genes are novel and never before associated with dis-
ease; others frequently broaden our understanding of the clinical presentation of a
given disorder. The proportion of hits (number of disorders solved relative to the
total analyzed) is a remarkable 67 %—the highest we are aware of. The utility of
genomics-based diagnostic approaches can be demonstrated in patients who fall
into three distinct categories:

1. Patients with diseases for which a phenotype has been described and genes are
known but are nonetheless undiagnosed usually because their clinical features
are atypical. In such cases the molecular diagnosis frequently broadens the
established phenotype for the disease. These patients often undergo the diag-
nostic odyssey described above.

2. Patients with diseases for which a phenotype is known but the causal gene is
not.

3. Patients with previously undescribed disorders for which there is neither a
name nor a gene.

Category 1—Expansion of a phenotype associated with a disease gene:

The diagnostic odyssey is best captured in the story of two brothers from rural
Canada who for over a 5 year period went from specialist to specialist, from hospi-
tal to hospital—undergoing brain scans, muscle biopsies and metabolic tests, only
to be informed every time that a diagnosis was not forthcoming. With the FORGE
based genome sequencing solution of the genetic riddle in 2011, the family’s life
has changed significantly. The two affected siblings exhibited hearing difficulties
early on and then motor neurological symptoms leading to one brother being more
or less confined to a wheel chair by the age of 15 years. Both brothers have now
been definitively diagnosed with D-bifunctional protein deficiency (McMillan et al.
2012). They have a previously undescribed mild form of the disease (in most cases,
survival beyond 2 years is unusual), a result of the type and distribution of the
two recessive mutations making a diagnosis based only on clinical and biochemi-
cal assessment virtually impossible. Now the family can concentrate on managing
their lives knowing exactly the cause and prognosis of their disease.

Category 2—Gene discovery for a known phenotype:

A FORGE team led by Dr. Jacques Michaud analyzed genomes from a French
Canadian family affected with a subtype of Joubert syndrome (JBTS)—a rare
autosomal recessive neurological disorder with a distinctive diagnostic brain
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malformation. Over 20 clinical variants have been described and the genetic etiol-
ogy is known for just over a half. For the JBTS present in the French Canadian
population, no clear causal association had been made with specific known genes
even though the syndrome was first described in Quebec families over 40 years
ago by Dr. Marie Joubert (a Quebec pediatric neurologist). Using individuals
from eleven unrelated but clinically well documented families, including mem-
bers of the family originally described by Dr. Joubert, Michaud and colleagues
sequenced the exomes of fifteen individuals and discovered that mutations in the
gene C5ORF42 was the cause of this syndrome in this geographic region. Since
the publication of this work (Srour et al. 2012a, b) the same gene has been associ-
ated with cases of JBTS in Saudi Arabia and is now proposed as being a relatively
common cause of JBTS world-wide.

A second example of this category is Floating Harbour Syndrome (FHS)
(Pelletier and Feingold 1973), a rare condition characterized by short stature,
delayed bone maturation and distinctive facial appearance. The unusual name
reflects its first description by investigators from both Boston Floating Hospital
and Harbor General Hospital (Torrance, CA). Many cases are sporadic although
a few parent to child transmissions have been documented suggesting that FHS
is an autosomal dominant disorder. Despite the general recognition that FHS is a
distinct syndrome—in over 25 years little progress has been made relative to its
underlying genetic cause. In a FORGE study (Hood et al. 2012) led by Dr. Kym
Boycott, 13 unrelated patients were identified and exome sequencing in 5 imme-
diately revealed that the gene SRCAP was responsible. Targeted Sanger sequenc-
ing revealed that the same gene was mutated in the 8 other patients. Interestingly,
the gene product of SRCAP is involved in chromatin remodeling and another
gene involved in this biological process (encoding CREB-binding protein)
has been shown to be mutated in a similar rare disease—that of Rubenstein-
Taybi syndrome. As an anecdote, Dr. M Feingold (the clinician who originally
described FHS in 1973) on hearing about the discovery prior to publication, called
Dr. Boycott in amazement at the finding and could not believe that this had been
elucidated using DNA sequencing technology. A comprehensive review of the
genotype-phenotype correlation in FHS, in collaboration with Dr. Feingold,
involving over 50 patients, will be reported shortly.

Category 3—Gene discovery for a novel phenotype:

Microcephaly-capillary malformation (MIC-CAP) syndrome was described for the
very first time in two patients by FORGE clinicians in 2011 (Carter et al. 2011).
Once recognized as a distinct clinical entity, several additional patients were
quickly reported internationally. MIC-CAP syndrome is a severe disorder charac-
terized by microcephaly, intractable epilepsy, profound developmental delay and
multiple small capillary malformations of the skin. The FORGE team led by Dr.
Kym Boycott analyzed exome data from five patients with MIC-CAP syndrome
and identified novel recessive mutations in STAMBP, a gene encoding the deu-
biquitinating (DUB) isopeptidase STAMBP (STAM-binding protein) that plays a
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key role in the recycling of cell surface receptors (McDonell et al. 2013). Within a
very short period of time, the team had moved from a single Canadian patient, to
an internationally recognized syndrome to a gene which implicated a new area of
biology to progressive neuronal loss.

Many more of the FORGE successes published to date can be found in the ref-
erence section (Samuels et al. 2013a, b; Moffatt et al. 2013; Fernandez et al. 2012;
Schuurs-Hoeijmakers et al. 2012; Koenekoop et al. 2012; Lynch et al. 2012;
Riviere et al. 2012; Bernier et al. 2012; Doherty et al. 2012; Lines et al. 2012;
Gibson et al. 2012; Majewski et al. 2011). These examples illustrate the power
of next generation DNA sequencing in elucidating the causes of rare genetic dis-
eases. It has been suggested that over the next eight years the underlying cause of
almost all Mendelian disorders will be solved. The only way to achieve this ambi-
tious goal is to encourage international collaboration at a massive scale. In a first
step towards this the International Rare Disease Research Consortium, IRDiRC,
(www.irdirc.org) was created. Initially driven by the European Commission and
the NIH, this initiative now involves over 30 public and private funders from
France, Italy, Germany, the Netherlands, Spain, the EU, UK, USA, Australia,
China and Canada. Indeed one of us (PL) will be assuming the chairmanship of
the executive committee of IRDiRC in April 2013, and another of us (KB) co-
chairs one of three scientific committees that advises the executive. This reflects
Canada’s leading role in this field.

Families with rare diseases are immediately impacted by the results of this new
approach; molecular insight influences how they live their lives going forward
knowing exactly what has caused their disease, what the prognosis might be, how
to best manage complications and informs reproductive decision making. While
knowing what biological pathway is perturbed may not lead to a cure for the fami-
lies in the short-term it will hopefully pave the way for best practice guidelines
and novel interventions for future patients. Indeed Beaulieu et al. (2012) have pro-
posed the development of a strategic tool box and preclinical research pathway for
inherited rare diseases. This may well lead to targeted therapeutic interventions
using, for example, repurposing of already approved drugs so that patients can
benefit as soon as possible after diagnosis. This is indeed the perfect model for
personalized medicine.

Lastly, insight into rare genetic diseases can contribute to much more com-
mon diseases. Thus, the insight into the molecular etiology of rare diseases will
not only help the affected families but also will contribute a wealth of knowledge
to human biology shedding light on how we are structured and function in both
health and disease, rare and more common. For example, the discovery that muta-
tions in the NOTCH?2 gene is responsible for the rare Hadju-Cheney syndrome
(a disease exhibiting dramatic deficiencies in bone formation and degeneration)
could provide great mechanistic insights into much more common forms of osteo-
porosis and may eventually give rise to better treatments for this complex disease
(Majewski et al. 2011).
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Implications for Personalized Medicine

The integration of new technologies such as genomics into complex health sys-
tems represents a challenge for healthcare providers to fully embrace. The main
reasons for this are:

1. The relative lack of good economic models for health technology assessment
necessary for payers to see the value of proactive integration of genomics into
the healthcare system.

2. A limited receptor capacity within a healthcare system that is not optimally
adapted to the efficient translation of new technologies as they mature.

3. The lack of education and training of health care professionals in the field of
genomics.

4. The lack of robust harmonized health information systems needed to integrate
high density data sets (omics) with detailed clinical phenotypic data while mak-
ing them readily accessible to the end user.

Nonetheless and notwithstanding these barriers, we believe the work on rare dis-
eases in Canada paves the way for more general integration of genomics technol-
ogies into the health system over time. Rare diseases represent the first true test
case for personalized medicine and will, in our opinion, create the model of inter-
vention for more common diseases in the future. We are learning through the rare
disease program what genome sequencing can enable and, as importantly, what
some of the limitations will be. Being able to stratify patient groups according to
genomic profile will allow more targeted clinical assessments to be carried out and
should give rise to more efficient drug development processes and ultimately more
effective therapies. We are also learning how to deal with those discoveries which
were unanticipated yet have clinical significance, the so called incidental finding;
when and under what circumstances these should be communicated to patients and
their families. Indeed one of the key integrated parts of the FORGE program is a
study on what legal, ethical and social implications should be considered when
whole genome sequencing is used to determine the root cause of a specific condi-
tion. How individuals are consented for these studies is critical as the ramifica-
tions of discovering incidental findings of a clinically actionable nature can be far
reaching for both individuals and their families. But it is very early days for per-
sonalized medicine: we are at the very beginning of the application phase and so,
for some, the potential benefits to patients and to the system are hard to imagine.
As Arthur Kornberg (Nobel laureate who discovered the enzyme that replicates
DNA) used to say: “the future is invented, not predicted”.
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Vignette: A Giant of a Man: Simon Ibell
(MPS 1I)

Marie Ibell

It is said that we cannot know joy without pain. One of my greatest joys was
December 6, 1977, the day my son, Simon, was born. It was almost two years later
before I felt the pain of hearing that Simon had a rare and incurable disease: MPS
II or Hunter Syndrome. A few minutes of doctor’s explanation and my world came
crashing down; I was powerless to express the simplest words, I wanted to scream.
As T left that meeting with the doctors, there was a darkness that was lonely and
intense. In those moments, I realized I was allowing the fear of my son suffering or
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dying to potentially stifle his wonderful spirit and that spirit would be the determining
factor in his life: his defiance.

The fear of Simon’s suffering was constant and all-consuming. Each day I had
to remind myself that Simon had a life to live, and he needed to live without sym-
pathy or question. He needed a daily dose of confidence and the encouragement
to go in search of his dreams. Thus, the next time the doctors discussed his physi-
cal problems—short life span and the advice that he avoid all contact sport—my
response and approach was very different. By this time Simon—the charismatic,
funny, seven year old with a positive attitude—loved being around his friends and
playing street hockey and many other games. From the doctor’s office, we went
directly to the sports store and bought soccer boots, hockey pads (goalie), skates
and stick, badminton racquet and several other items for all round involvement,
camaraderie, and joy. Simon became the Mooredale goalie. His father, an avid and
former soccer player, coached the soccer team and Simon made many friends at
the Granite Club’s badminton and bowling. Friends vied to spend time with him,
to be on the same team. All this was important for Simon’s confidence, his phy-
sique, and to keep all the muscles moving and in shape.

Simon was twelve when we were informed that a bone marrow transplant
would help. Seattle was the foremost site and thus we moved to Victoria on
Canada’s west coast. Within a very short period after our arrival in Victoria, it was
established that a bone marrow transplant would not help MPS II, only MPS I—a
very different condition. Victoria seemed like a good place to raise children and
Simon and his sister had settled in their new schools. Simon made many friends
at the school but he was also subjected to some extreme bullying and difficult
times in grades seven and eight. In the early days of computer animation, four
boys placed the school picture of Simon in a cage, complete with animals feast-
ing on him with the caption “SMU School not for the deformed”. Simon’s attitude
and response to this ugly bullying had a significant impact on this private school.
The headmaster wanted to expel these boys but Simon insisted that they stay, that
the school help them as any new school would not know they had a problem, and
could not help.

The respect for Simon grew in every respect and aspect. He was involved in
many sports, music, and drama and was excelling academically. On Sports day
that same year, Simon was completing his second lap of the four lap run when
all the other boys had past the finish line. The entire school surrounded the track
clapping and chanting and even the youngest said they learned a valuable lesson to
“never give up”. Simon suffered a great deal, which for me was unbearable. The
bullying felt like a betrayal, and I felt the pain for both of us. But, seeing how it
united these children and how Simon endured the pain and did not let it destroy his
trust in people helped me grow emotionally: my son became my teacher and the
bullies admired him.

Each experience, each pain served as an education for Simon. He learned how
to handle the worst of the abuse; it broadened his understanding of people, helped
build his own character and purified his heart and soul to the point that he was
sought as a major source of help for friends and those with problems. Also, he
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was well recognized as the manager of the senior basketball and rugby teams and
travelled with the team.

During his university years, Simon continued his devotion to sport and became
manager of his university basketball team. He took a year out before enrolling
in his Master’s program to organize a Bike ride to create awareness for MPS II.
In 2002, Simon and many of his friends and supporters cycled 500 miles down
Vancouver Island. Many top athletes, friends, corporations and broadcasting enti-
ties participated, gave their support and followed his progress. The ride was suc-
cessful and Simon and his team reached their goals. Shortly after the bike ride,
Simon had a few surgeries before moving back to Toronto to participate in the
MPS 1I trial, which required travel to the University of North Carolina every week
for almost 18 months. A few weeks into the trail Simon had a severe reaction,
which was devastating for the entire family and friends. Thankfully, the results of
the much awaited drug allergy test proved negative; he could continue the weekly
travel. After the drug was approved by the FDA and the Canadian Government,
Canada’s Provincial government, Ontario, failed to give financial support for this
extremely expensive treatment. Simon went forward confidently and took on the
provincial government to secure support for children suffering from MPS II. This
long and intense battle revealed Simon’s vivid love and consideration for the MPS
II children and their parents.

Standing at four foot eight inches, Simon has and continues to attract people’s
curiosity, blatant stares and questions from adults and children alike. Externally,
Simon always appears to handle people’s prying, but I think his internal dialogue
becomes unsettled. It certainly affects the circulation of my energy and field of
my very existence. Yet, in his world of basketball giants, friends in the profes-
sional, NBA, and college ranks give no thought to his short stature, other than
poking friendly fun at him and many comments that he makes up for it in sheer
brain power. Such is his professional status that he has held consulting positions
in very reputable corporate entities and, after the medical trial, took a position at
a global sports charity, which again kept him in the field he loved: sport. He has
had the confidence to create unlimited wealth in his relationships with effortless
ease and to experience success in every endeavour. Understanding that the power
of his attention lay with the children that suffer from this rare and terrible condi-
tion, Simon made a conscious choice to leave Right To Play and to form his own
foundation to garner support for MPS II.

Today, Simon is at the helm of the iBellieve Foundation which he founded in
2010. He is a reservoir of creativity and pure potentiality. His heart is intuitive and
takes everything into account and is precise within the limits of rational thought
and what he can do to retain the research and recognition for MPS II. There is a
deep bond between Simon and the people he values. He has suffered a lot, but he
believes trials and tribulations help build character: what we sow is what we reap.
He believes happiness is life supporting and life sustaining and his next big goal to
find a partner and have children of his own.



Innovative Funding Models for
Rare Diseases
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1 found in running businesses that the best results come from
letting high-grade people work unencumbered

WARREN BUFFET

Abstract In the field of human genetic diseases, approximately 7,000 different
diseases account for approximately 10 % of the total disease prevalence. For rare
disease research, it is a very difficult task for a central, top—down entity to create
and fund research for so many different diseases. With the traditional research
model, therapies have been developed for less than 500 of these diseases, meaning
that more than 9 in 10 diseases do not have any type of therapy. Current solutions
to this problem have leveraged a bottom-up approach to allow for many stakehold-
ers to contribute from their perspectives, a method often referred to as “crowd-
sourcing”. Here, we propose the crowdsourcing model for both research as well as
funding as a suitable way forward for rare disease research. Spurred on by the dual
advances in crowdfunding and genomics, we at the Rare Genomics Institute are
trying to combine these aspects to advance understanding and progress towards
a cure for all 7,000 rare diseases. Because these projects are unique and often do
not fit into existing grants, a web page for each patient is created and the funds
collected go directly to the research for that patient. This chapter discusses how
crowdfunding provides a powerful alternative funding mechanism to complement
the existing infrastructure.
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Introduction

Human genetic diseases approximate the Pareto distribution, also known as the
power law probability distribution. Often referred to in shorthand as the 80-20
principal, this distribution describes the phenomenon where a small number of
common diseases (approximately 20 %) accounts for a large proportion of total
diseases (approximately 80 %). As a result, there are a large number of diseases
that are rare in occurrence that lie in the long tail, which can be approximated
crudely as 80 % of diseases accounting for 20 % of the population. While the
80-20 number is just a gross approximation, the actual figures for rare diseases are
as such: approximately 7,000 different diseases account for approximately 10 % of
the total disease prevalence.

As shown in areas such as online retail, microfinance, marketing and social net-
works, these long tail problems require new models and solutions. For rare disease
research, it is a very difficult task for a central, top—down entity to create and fund
research for so many different diseases. With the traditional research model, thera-
pies have been developed for less than 500 of these diseases, meaning that more
than 9 in 10 diseases do not have any type of therapy.

To aid in finding cures, there have been scores of different disease advocacy
groups and foundations that have been created to support existing efforts to under-
stand these diseases and cures. Traditional disease non-profit organisations have
grown to become powerful allies in the search for cures for these rare diseases,
not only by fundraising, but also creating research networks, recruiting for clinical
trials, and other activities. Venture philanthropy is another area that has recently
added to the needed funding and innovation needed in this area.

If we examine the different solutions for the different long tail problems that
exist, a common thread appears. Instead of creating larger and larger top—down
structures, these solutions have leveraged a bottom up approach, to allow for the
many to contribute from the bottom. This method is sometimes called crowd-
sourcing. For example, in online retail, Amazon allows many small niche vendors
to create their own stores to sell their goods and also allows user and consumer
contributions for a review system of the products and vendors. In the example of
Wikipedia, with the large task of trying to curate and create content for all human
knowledge, the organization has permitted many contributors to participate and
add to the knowledge database as they please.

Here, we propose the crowdsourcing model for both research and funding as
another solution for rare disease research. What if each of the hundreds of millions
of people affected were able to contribute to the research effort? What if each of
their projects was a combination of efforts from their collective social networks
as well? When combined with the developments in genomics towards personal-
ized medicine and the dropping costs of large throughput research, we are at the
first time in history where we can truly tackle each rare disease one at a time with
small crowdsourced and crowdfunded projects. For this chapter, we focus on using
crowdsourced methods for raising funds for rare disease research.
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What is Crowdfunding?

Fundraising via the collection of individual donations is nothing new, but moving
fundraising efforts online can mean reduced time commitments and administrative
costs. When compared with offline fundraising, going online enables easier tar-
geting of interested audiences and potential contributors, and Internet technology
simplifies the administrative side. A particular online trend that holds great prom-
ise for science is that of crowdfunding.

Inspired by “crowdsourcing,” the development of technologies via code contri-
butions from an online programming community, crowdfunding is the collection
of monetary contributions from an interested online “crowd” toward business-
related, artistic, or scientific projects.

The term “crowdfunding” is credited to Michael Sullivan, who in 2006 created
a project called FundaVlog that collected donations to support video blogs.!
Today, hundreds of crowdfunding platforms exist with varying features for project
owners and donors. Basically, project creators submit ideas to a team at the chosen
crowdfunding platform company. Approved pitches are added to the crowdfunding
venture’s website, and thereafter, donations are accepted through the website.
Some platforms operate on an “all-or-nothing model”, releasing funds only if/
when a project meets its funding goal and refunding donors if projects fail to reach
their goals. Some platforms offer tangible rewards to donors based on the amounts
donated. In most cases, the project owner is legally required to use the funds for
the stated project, and donors are kept informed about the project’s progress.

Examples of Crowdfunding Ventures

Two examples of popular crowdfunding platforms are DonorsChoose (www.donor
schoose.org) and Kickstarter (www.kickstarter.com).

Predating the term crowdfunding, DonorsChoose is a 501(c)3 charity launched
in 2000 by a social studies teacher for the purpose of collecting funds for educa-
tional projects. Site visitors make tax-deductible donations towards specific class-
room projects submitted by teachers, such as field trips or purchases of science
supplies. The site once even supported the rebuilding of a Missouri school ravaged
by a tornado in 2011. To date, DonorsChoose has funded nearly 340,000 projects
and collected over $170 million in donations.?

Kickstarter, in contrast, is a platform for funding creative projects, such as inde-
pendent films, art projects, or computer games. As of this writing, the company
has taken in more than $450 million in pledges from over 3 million people for

! http://socialmediaweek.org/blog/2011/12/a-social-history-of-crowdfunding/#.URaOcDn-SQL.

2 http://www.donorschoose.org/about/impact.html.
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over 35,000 projects since its launch in 2009.3 According to the company’s blog,
Kickstarter was behind 10 % of the independent films on the slate for the
Sundance film festival in 2011 and 2012.*

Crowdfunding for Science

Because the availability of funding has always been a determining factor in
whether projects can proceed, the growing crowdfunding trend holds considerable
potential for the scientific community. Three examples of platforms targeting this
niche are Petridish (www.petridish.org), Microryza (www.microryza.com), and
SciFund Challenge (www.scifundchallenge.org).

Petridish is a scientific funding platform from which, depending on the project,
donors can earn rewards such as T-shirts or videos, dinners with prominent scientists,
acknowledgments in journals or participation in field projects. As of February 2013, 32
projects have been completed via Petridish funding. Some examples include a project
to track Pacific killer whiles by GIS, a study of communication in Bonobo monkeys®
and an effort to excavate fossils of whales found in Virginia’s Carmel Church Quarry.”

Named after Mycorrhizae fungi that live in soil and support plant ecosystems,
Microryza is a company that launched in April 2012 with the hope of supporting
research that might otherwise remain unfunded. As of this writing, the site has
successfully funded ten small projects with individual costs ranging from $1,150
to $7,000, and is currently collecting funds for another seven works.” One project
to study how email spammers harvest email addresses collected over five times
more money than had been needed for the project to proceed.'”

Using the platform Rockethub (www.rockethub.com), SciFund Challenge is a
project that was launched in July 2011 and aims to inspire scientists to interact
with the public to fund research rather than relying on grant applications. During
time-limited rounds, researchers blog about their projects via the SciFund
Challenge site and post on social networking sites.Inspired donors then contribute
to projects via Rockethub. As of December 2012, SciFund Challenge has com-
pleted three separate campaign rounds that have funded over 100 research projects
with total donations of over $250,000.!!

8

3 http://www.kickstarter.com/help/fag/kickstarter%20basics ?ref=home_learn_more.

4 http://www.kickstarter.com/blog/100-million-pledged-to-independent-film.

3 http://www.petridish.org/projects/tracking-killers-gis-mapping-of-pacific-killer-whales.
6 http://www.petridish.org/projects/the-language-of-wild-bonobos.

7 http://www.petridish.org/projects/saving-fossil-whales-in-virginia.

8 https://www.microryza.com/faq.

9 https://www.microryza.com/discover.

10" https://www.microryza.com/projects/how-do-spammers-harvest-your-e-mail-address.

! http://scifundchallenge.org/blog/2012/12/15/scifund-in-3-rounds/.
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Crowdfunding for Healthcare Ventures

In addition to supporting research, crowdfunding has also made inroads as a
method of financing healthcare ventures. The public has traditionally shown great
interest in contributing to health-related causes such as cancer or heart disease, and
platforms now exist to channel this philanthropic mindset.

One example is MedStartr (www.medstartr.com), which aims to crowdfund
solutions to healthcare problems, which may be anything from iPhone apps for
cancer survivors to startup funds for new medical practices. MedStartr was
launched on July 4, 2012, and as of February 2013, has successfully funded 18
separate projects with goals ranging from $20 to $45,000,!? and has dozens more
projects actively in the works. For example, one successfully funded project aims
to provide gynecological care to poor women in the Dominican Republic, while
another aims to develop reconstructive bras for breast cancer patients.

Advances in Personalized Genomics for Rare Diseases

While crowdfunding developed, there was a parallel advancement in personalized
genomics. After the sequencing of the human genome in 2001 and the develop-
ment of next generation sequencing, we now enter the so-called post-genomic
age. While the first human genome cost billions of dollars, there has been a mil-
lion-fold decrease in price to only thousands. It is now possible to think about
sequencing genomes for patients who have rare diseases—possibly funded by
crowdfunding.

One of the first promising examples of rare disease research by an individual is
the story of Beatrice Reinhoff. Hugh Reinhoff, a physician with a strong back-
ground in clinical genetics, took this idea in 2003 to try to improve his daughter’s
condition. His daughter Beatrice was born with some of the symptoms of Marfan’s
Syndrome and some of Beals’ Syndrome, yet she did not have either syndrome.!3
Concerned about her failure to thrive, Reinhoff started looking into genetic
sequencing for answers. Through research and discussions with other doctors in
the field, Reinhoff found himself focused on TGF-f, a growth factor important in
development, where a defect could lead to abnormal bone or muscle growth.!* He
decided he would sequence the relevant genes of his daughter’s genome to see
what had happened, and discovered that there was indeed a change—but a puz-
zling one that was not where it was expected. In Beatrice, a mutation in the TGF-f

12 http://www.medstartr.com/explore/successful.
13 http://www.nature.com/news/2007/071017/full/449773a.html.

14 http://www.hopkinsmedicine.org/news/publications/hopkins_medicine_magazine/
hopkins_medicine_magazine_fall_2012/the_bea_project.
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pathway has been found. This is an example of how research is now possible even
for only one patient.

A second story shows how, with genomic studies, the research may even result
in immediate cures. The Medical College of Wisconsin (MCW) was recently suc-
cessful in sequencing the exomes of Nic Volker, resulting in the eventual cure of
his genetic disorder.!> Young Nic had a mysterious disease that caused to painful
holes leading from his intestine to his skin, causing fecal matter to escape from the
intestine through the holes. In a desperate attempt to try to find an answer, or even
a cure, the MCW decided they would sequence some portion of his genome. In
2009, when this happened, it would have been prohibitively expensive to sequence
his entire genome, so they decided to sequence portions of some of his exons, the
part of the genome that possess the “instructions” for making proteins. Through
much work and comparison, the doctors involved narrowed the gene in question
down to XIAP, a gene associated with inflammatory bowel disease, which had
similar characteristics to Nic’s symptoms. To confirm, they made sure the muta-
tion had never before been documented, since Nic’s disease was unknown before
he came along; it did not appear in medical literature, and out of 2,000 other
human genomes, not a single one possessed this mutation. It must have been the
reason. After a bone marrow transplant, Nicholas is currently cured of his genetic
disease, and lives a happy normal life.

Crowdfunding as Applied to Rare Disease

Spurred on by the dual advances in crowdfunding and genomics, we at the Rare
Genomics Institute are trying to combine these aspects to advance understand-
ing and push forward towards a cure for all 7,000 rare diseases. When families
approach us, we work with them to help create personalized experiments. Our cur-
rent work focuses on using genomics to identify the causative variant(s) for the
disease in question. We partner with clinicians and academic researchers at 18 of
the top research universities in the US, including Harvard, Yale, Johns Hopkinsand
Stanford. The research is then performed at these different sites. Because these
projects are unique and often do not fit into existing grants, the families raise
funds from their friends, family, and strangers through crowdfunding. A webpage
for each patient is created and the funds collected go directly to the research for
that patient. Donations range from $5 to hundreds of dollars that come from the
patient’s hometown or someone across the globe that had heard about their story.
When the sequencing is accomplished, the researchers and the patients meet
together with RGI and the researcher and one of the members of the RGI team
help the patient and their family understand and interpret the results.

15 http://www.pulitzer.org/archives/9180.
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Crowdfunded Personalized Genomics Projects Success

In the past year, we have connected with hundreds of different families. We have
setup projects for several dozen of their children and have started to see the results
of these projects. Robert and Maya are two of our success stories.

Robert started out as a normal baby, doing ordinary baby activities. After his first
birthday, however, in 1998, he had a dramatic medical breakdown over a few days
and was left with some major disabilities, such as mobility, speech, and feeding
impairments. As of now, he has to be in a wheelchair and is fed through a tube. He
cannot really communicate his thoughts, other than by raising one hand for yes and
the other for no, but it is obvious to his parents and others in his life that he is intelli-
gent, alert, and social. Through investigation into his disorder, it was suggested that
perhaps he had a genetic mutation. Robert’s mother, Jeneva Stone, then stumbled
across the Rare Genomics Institute. Within a couple of months, Robert was one of
the first patients of RGI to start his crowdfunding campaign. Hundreds of people
donated for his research, with donations ranging from $10 to $500, to reach the
$7,500 mark for the sequencing to proceed. Once the project got the go-ahead,
Robert got his blood drawn for the sequencing and his family sat down to wait. Nine
months later, Robert’s results came back; he had two extremely rare mutations, one
on each of his PRKRA genes. Mutations in the PRKRA gene lead to dystonia 16, a
syndrome that leads to gait issues and general twisting or repetitive movements.
Robert is the ninth case that has been reported. His family is happy to finally have a
definitive answer about their son. They now know the types of drugs that will work
best for Robert, that he most likely has normal intelligence—and that he probably
will continue to deteriorate. However, his mother said to Johns Hopkins Magazine,
“We can prepare ourselves and our family, and also provide Robert with the appro-
priate types of emotional and life support. Information is a source of power.”1

Maya is an adorable little girl who loves her dog, her parents, and the school
bus. However, Maya has always been different. Suffering from global developmen-
tal delays, Maya has undergone multiple operations, has a hard time speaking, and
has difficulty hearing. She is currently able to speak through a “talker,” a device
that pronounces the words when she presses the appropriate buttons. Despite vis-
iting countless physicians, her condition had remained unexplained for years.
Doctors agreed that “something genetic”” was responsible for her condition, yet six
genetic tests—each screening for a myriad of known genetic defects—yielded no
definitive explanation. Maya’s family connected with the Rare Genomics Institute
to try genome sequencing. Her fundraising goal of $7,500 was met and exceeded
within six hours, and the research project could start right away. The funds for
Maya and her parents facilitated full exome sequencing to hunt for the disease
gene. Less than one year into the project, researchers found what they believe to
be the culprit behind Maya’s illness: a gene active in fetal development and early

16 http://hub.jhu.edu/magazine/2012/winter/jimmys-kids.
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childhood. This is a scary and uncertain prospect for her family, as it is a mutation
that has never been documented in medical literature. However, with more research
and investigation, perhaps a treatment could be found for Maya, or her parents
could get more information about the type of assistance that would help.

Conclusion

The stories of Robert, Maya, Beatrice, and Nic are but the first of a flood of dis-
coveries and successes in rare disease research. Crowdfunding provides a powerful
alternative funding mechanism to complement the existing infrastructure. Recent
advances in crowdsourcing and crowdfunding are creating revolutions in microbi-
ome research, with two large consortia projects occurring. More and more crowd-
funding platforms are now available and some have partnered with university
research projects, such as Consano and Indiegogo. While this field is still young,
there is great possibility and promise for this alternative funding model to address
these long tail diseases. It is an exciting time to be in rare disease research and we
look forward to the day that we can find cures for all 7,000 rare diseases.
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Abstract Rare diseases are marginalized within the realm of medical and sci-
entific research. This chapter addresses recent twenty-first century initiatives to
improve the visibility and hence research on rare diseases by examining how they
are conceptualized and represented in contemporary health care communities.
Such conceptualizations are framed in terms of two models, the medical model,
which prevails in the medical and scientific literature, and the social/disability
studies perspective, typically found in advocacy materials. These models pro-
foundly shape how research on rare diseases is conducted, how individuals with
rare diseases are treated, and how the public perceives these issues. Because of the
social model’s focus on the patient, this chapter argues for incorporating signifi-
cant aspects of that model into current medical thinking and education.

Introduction

Rare diseases are by definition a marginalized phenomenon within the spectrum of
issues with which medicine and science deal. As such, individuals who experience
rare diseases are, in a sense, twice disadvantaged; they not only cope with condi-
tions which complicate their lives, often severely, but these conditions also receive
relatively little attention from the medical community, a circumstance which lim-
its diagnosis and treatment on various levels. Recently, however, the medical/sci-
entific community has recognized this deficit and initiated research and advocacy
efforts centered on rare diseases. This chapter addresses these twenty-first century
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initiatives by examining how the very notion of rare disease is conceptualized and
represented in contemporary health care communities.

As the discussion demonstrates, such conceptualizations are framed in terms of
two models, the medical model, which prevails in the medical and scientific litera-
ture, and the social model, typically found in advocacy materials. These models
not only shape how research on rare diseases is conducted but also how individ-
uals with rare diseases are treated and how the public perceives those individu-
als. Because of the social model’s focus on the patient, especially as manifested
in online advocacy sites, this chapter argues for incorporating significant aspects
of that model and those manifestations in scientific thinking; that merger can be
facilitated if the curricula of graduate programs in medicine and science include
the social model of illness and language use.

Health and Disability in the Medical and Social Models

Although no two human bodies are precisely the same, their parts and functions can
be understood in terms of certain expectations, norms which reflect the state of med-
ical knowledge of the given time and place in which they are held. Once applied,
such normative knowledge influences how a given culture understands disease and
health. Until the end of the eighteenth century, for example, Western cultures evalu-
ated health predominantly in humoral terms. Without direct access to the internal
living body at work, this perspective understood illness by examining perceived cor-
respondences between outer features and inner health and character; thus, the exter-
nal melancholic, or depressed demeanor and facial features reflected an inner excess
of the melancholic bile (Lavater 1789). Historical and technological differences
aside, some physical variations inevitably complicate the lives of those affected.
Indeed, the percentage of problematic physical conditions across recorded history
ranges somewhere between 10 and 25 % (Michelle and Asch 1988). At present, the
term used to describe those problematic physical conditions or illnesses is disability.

In the twentieth and early twenty-first centuries, disabilities are typically evalu-
ated by means of the medical model (Mishler 1981). Based on observable data,
this model enables scientists to develop categories relating to the operation of the
human body and/or the natural world. Because the model relies on the inductive
scientific method, its data and categories are presumably objective; when used to
diagnose, treat and/or cure physical problems, the categories function as patholog-
ical measures of normality and abnormality (Clarke et al. 2010). Such measures
are evident, for example, in the mental health rubrics of the Diagnostic Statistic
Manual of Mental Disorders (DSM) (American Psychiatric Association 1994)
and the statistical compilations on which evidence-based medicine operates. By
framing individual instances of illnesses within broader statistically derived units,
this approach allows scientists to quantify illnesses into broad-based yet specif-
ically-focused categories. Although the categories enhance diagnosis and treat-
ment, they mask aspects of individual illnesses. Within the resulting (bio) medical
model, then, each rare illness is but one “tree” within the “forest” of rare types; the
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experience of the patient and the specifics of each condition are hidden within the
many names and types. Accordingly, the (bio) medical model accentuates a funda-
mental and problematic characteristic of rare diseases, their lack of cultural pres-
ence and the deficit of scientific research on them.

Recently, advocacy and academic communities have countered this (bio) medi-
cal model of health and disability by offering the social model (Linton 1998). As
its proponents point out, even facts derived through the scientific method are not
entirely objective when examined without context. That the criteria for many dis-
orders have changed within the DSM’s successive editions discloses how scientific
knowledge changes as well as how it interacts with social norms. Homosexuality,
Asperger’s Syndrome, and Narcissistic Personality Disorder have all appeared in
an earlier addition of the DSM; none is included in the latest version, the DSM-V,
although their symptoms may appear under different diagnoses.

To recognize the variations in human bodies, the social model examines each
physical disability in terms of difference and rehabilitation rather than the (bio)
medical model’s aims of normalization and cure (Siebers 2006). To those ends,
the social model distinguishes between “impairment” and “disability”. An impair-
ment is a physical fact, but a disability is a social construction; immobility impairs
while a building without a ramp disables (Shakespeare 2006). Moreover, the social
model insists that the voice of the patient belongs to any discussion of a condition
(Couser 1994). Such an inclusive approach recognizes the individual’s personal
experience while chipping away at the objective veneer of the medical model. As
such, it is especially appropriate for rare diseases whose individual manifestations
are often lost in the (bio) medical model’s statistical perspective (Siebers 2008).

To recapitulate, the (bio) medical model supports the current normative understand-
ing of illness which underpins how members of the medical and scientific communities
are taught to understand their disciple and, accordingly, how they conduct evidence-
based research on rare diseases. Aimed at diagnosing, treating, and/or curing these con-
ditions, this model influences how rare diseases are medically framed and perceived in
medical contexts and beyond; understood within a quantified aggregate, specific rare
diseases are beyond the ken and care of most world citizens. Unaware that this model
supports the work, research proceeds in ways, as discussed below, which contradict the
goals of those efforts. In contrast, advocacy groups use the social model to consider rare
diseases within their broader contexts; by including the voices of those with rare dis-
eases, and offering these materials online, these sites educate a wider public about the
ways in which actual people experience these often diverse and complicated conditions.

The Medical Model and Rare Diseases

A Mid-Twentieth Century Example

William Bean’s standard 1967 study, Rare Diseases and Lesions: Their
Contributions to Clinical Medicine, offers a typical mid-twentieth century medi-
cal perspective. To begin, the work is “Dedicated to the Victims of Rare Diseases”
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whose “quiet courage is a lesson in patience... with the hope that someday we
may control or eradicate the biological troubles they so unhappily exemplify”
(Bean 1967). From the outset, Bean characterizes rare diseases as beyond the
patients’ control; dependent on her/his physician, that patient is a victim who suf-
fers patiently (pun intended) with a broadly conceived condition. Such paternal-
istic language is not only used to identify the patient with the illness s/he might
“exemplify”, but that identity involves eliminating or regulating the “unhappy”
“troubles” suffered without considering how the patient’s experiences them or
what their specific conditions are.

This sentiment continues in the “Forward” by Victor A. McKusick, MD who
offers “four reasons that rare conditions are, or should be, of interest to physi-
cians” (Bean 1967). In addition to their values for advancing science and helping
the “victim”, “finally, they are fun. They introduce variety into the humdrum of the
physician’s daily routine. They keep his powers of observation from undergoing
atrophy” (Bean 1967). Although this reason for pursuing research might appeal to
the physician reader, the patient may not share that perspective. By characterizing
the study of rare diseases as clinical fun, even indicating concern for the physi-
cian’s (rather than the patient’s), physical health, McKusick further reduces the
sense of the patient’s experience; thereby, that voiceless patient is dehumanized
and marginalized as indeed her/his rare disease is by definition.

The text moves on with Bean indicating that rare diseases are too numerous to
name in their entirety. “Any thought of making this book all-inclusive is defeated by
the rapid recovery of new diseases and the necessity of keeping the survey down to
a manageable size. I had no such intention, anyhow” (Bean 1967). Bean’s comment
renders the notion of examining individual rare illnesses unworthy and/or unneces-
sary. Moreover, his statement about “rapid recovery” is not clear. Does he mean that
the illnesses are incidental to the patient or that some types of illness have been eradi-
cated; regardless, specific characteristics of illnesses are unspecified and insignificant
(although rare diseases are, Bean acknowledges, extremely diverse). Continuing,
he dismisses the approach of nineteenth century physicians. “Gould and Pyle have
usurped the field in illustrating the outrages of deformity and freaks. I have resisted
the temptation to make this a gallery of the unfortunate or ugly” (Bean 1967). On
the one hand, Bean is a cutting-edge scientist and will not merely illustrate outward
ugliness but instead will categorize inner problems. On the other hand, he justifies
his explicit aim of looking at the whole, inner and outer, by his incomplete survey
thereby reifying the marginal, deviant status of rare diseases, patients and their bod-
ies, as did Gould and Pyle in their outdated terminology (Adams 2001).

Next, Bean (1967) provides an overview of past and present concepts of medi-
cine and disease causation: the ontological, platonic, anthropologic-biographic,
ostrich, and punitive. In contrast to these subjective approaches, he notes, his is
objective. “Firm belief in any a priori system of medicine tends to disqualify the
mind for correct observation, since everything is seen through the astigmatic eye
of bias” (Bean 1967). Bean speaks to the objectivity of his medical model as if
that objectivity is unassailable; in fact, he has again undermined this non-biased
approach in his preceding discussion, which shapes his attitude about rare diseases
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as much as Gould and Pyle’s work. In Bean’s defense, hindsight is almost always
20/20.

The body of the text addresses various classes of rare diseases. Each chap-
ter consistently presents the facts in language which distances diseases from the
patient and the patient from the physician. For example, the first chapter covers
“Bleeding from the Gut in Rare Disorders with Diagnostic Lesions of the Skin and
Membranes”:

Every careful report of a large number of patients with bleeding from the alimentary canal
contains an unhappy category, “Cause unknown.” This may range from a small percentage
to about a quarter of the total, depending on the nature of the clinical experience, the skill
and honesty of the physician and other variables. It is toward the reducing of this group,
even by a little, that a consideration of rare diseases which cause such bleeding is empha-
sized here. (Bean 1967)

Thus described and following the medical model, this rare disease type is all about
the physician’s expertise and its application to reducing numbers. Following that
model, too, the patient has no role in these efforts; s/he is a victim who depends on
the physician for cure and even a description of the illness s/he experiences. When
Bean refers to a qualitative, human matter, a feeling, he does so to reveal how dif-
ficult determining causation is from the physician’s perspective; specifically, the
“unhappy category” (the same feeling he mentioned in his dedication) prevents the
scientist from knowing the rare disease’s cause. Such knowledge is important. But,
Bean never mentions how bleeding from the gut presents in the patient, let alone
how it feels. Despite the genuine concern Bean offers for rare disease patients,
his linguistic choices obscure the experience of the patient in diseases which are
defined by their individuality.

In one sense, Bean’s language is factual, as it must be; yet, the facts are rep-
resented incompletely by his own admission, not only avoiding the complex cat-
egories beyond the scope of the book but also avoiding any representation of the
patient’s perspective. Ironically, having rejected other more subjective approaches
than his own, Bean’s work is not entirely objective; in his medical modulated
voice, the patient is a victim who depends entirely on the doctor’s “skill and hon-
esty” to improve the situation surrounding his/her deviant body, even if only mini-
mally in the case of rare diseases. In his voice, too, rare diseases are one rather
than many.

The Early Twenty-First Century Biomedical Model
and Rare Disease

The language of Bean’s medical model resonates in a 2010 collection on rare dis-
ease epidemiology (Paz and Groft 2010). Here too, rare diseases are represented by
presumably objective facts which locate individual illnesses within broad catego-
ries. Now reflecting the twenty-first century (bio) medical model within the state-
of-the-art evidence-based approach to medicine, the language defines rare diseases
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as an aggregate by means of highly statistical, technical terminology and passive
voice (rather than the author’s voice evident in Bean’s work). Such language,
which typifies contemporary scientific discourse, maintains apparent objectivity by
distancing doer from what is done (Gross 1990).! No doctor or scientist is present
as framed in the passive voice, and no one but the expert can understand the techni-
cal terminology. Framing the language numerically also increases the sense that the
rare diseases represent deviance by locating that deviance not in a physical body
but in an abstract statistical norm. The articles apply these characteristics, mani-
festing the biomedical model, in their focus on broad populations yet specific
types, creating arguments about what rare diseases are, what causes them, and how
they present in patients that speak to prevalence rather than individuality.

The articles consistently define rare diseases by means of numbers, contribut-
ing to the sense that the aggregate is a monolithic entity. In the first chapter, for
example, the authors note that “estimates approaching or even exceeding 7,000
conditions have been expressed” (Groft and Paz 2010). As stated, rare diseases
constitute a whole without apparent parts. Although that whole is provided as
a discrete number, 7,000, it is nonetheless an estimate, an inexact data point. In
addition, the use of the single number elides the distance between the estimate and
its environment. Of course, quantitative data is essential to scientific research on
rare diseases. No one wants to try a treatment based on untested generalities or
anecdotal evidence (Gross 1990). But, such information does not disclose alterna-
tive material, either numerical or contextual, and is not, therefore, universally clear
or complete, as its statement here suggests.

As several articles point out, rare diseases are framed as an aggregate in part
to support research initiatives: when aggregated, rare diseases constitute a bigger
and, therefore, more fundable, category than any one of its many manifestations
alone. In addition to its clear benefits for rare diseases, this approach has negative
side. As Chap. 1 indicates, for instance, because rare diseases are understood as
an aggregate, they are difficult to categorize. As a result, “the burden of most of
these diseases remains invisible to the system” (Groft and Paz 2010). Ironically,
and despite this acknowledgement, the quantitative, objective language reinforces
the invisibility of rare diseases—and thus an abstract association with deviance—
by characterizing them as a statistical, disembodied aggregate rather than by
acknowledging their many types and diverse symptoms. Studying the aggregate
depends in turn on prevalence, a concept involving frequency, incidence, common-
ness, and pervasiveness. As the authors of Chap. 3 put it:

Prevalence is one of the most popular epidemiological measures and is defined as the

probability that an individual in a population will be a case at time t. Generally speaking,
the target population for this measure should be the population at risk but, owing to the

! In active voice, the subject, or doer of the action, is represented as doing the action—as being
the subject of the statement; in the passive voice, the subject of the sentence appears at the end
of the statement, seeming to be the object of the action. For instance, “she read the book” is in
active voice with the subject at the beginning. Stating it is the passive, “the book was read by the
woman” places the subject at the end.
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difficulty of ascertaining the latter, the general population is regularly used as a denomi-
nator. Indeed, another more practical definition of prevalence is the proportion of a pop-
ulation that has any given diseases at some specific point in time—usually called point
prevalence. A second prevalence measure is the period prevalence, which is the probabil-
ity that an individual in a population will be a case anytime during a given period of dura-
tion. (Paz et al. 2010)

Measured in graphic, mathematical nomenclature—points and periods and units—
the passage frames prevalence vis-a-vis time and numbers rather than particular
symptoms. Like the use of the aggregate, the technical language distances data
from the world, the physical body specifically, and requires expertise to under-
stand. This distancing effect is also evident in the use of equations to define prev-
alence, for example, “Prevalence proportion = Incidence rate x Duration of the
disease” (Paz et al. 2010). Again, the language’s sense is that rare diseases rep-
resent differences from statistical norms. Because epidemiological rare disease
research depends on quantitative data, numbers and their prevalence, it excludes
the experience of patients. As described in Sect. 5.6, on “What Else Matters? The
Place of Personal Experience”, the patient is an add-on concern.

We turn finally, albeit briefly, to two elements of evidence-based medicine (encompassed
in its definition) that often get forgotten. These are the expert opinions of the treating phy-
sician relating to the individual patient and—perhaps most importantly—the opinions and
wishes of the patient. As illustrated above, most new treatments in the early phases of
clinical development are probably worse than placebos. This is a sad fact but a realistic
one. Of course, every patient will have a different perspective on treatment options and
what matters to them. Some of us will clutch at any straw of hope and others will feel the
emotional and physical burdens of an experimental toxic treatment (possibly after several
earlier options have failed) are too much to bear. A patient suffering with a life-threaten-
ing disease, might argue that nothing can be worse than the inevitable disease prognosis.
Put in slightly more scientific terms of benefit/risk assessment, if survival is the efficacy
endpoint, then almost any and all adverse effects tend to be of secondary importance to
mortality. (Day 2010)

Although this section considers the patient’s personal experience, it does so
“briefly” so as to focus on the physician’s knowledge. As described, patients face
treatments so punishing that their perspectives are rendered subjective and, there-
fore, not useful to rare disease research. In the end, the physician is the only expert
here; the patient’s perspective is dismissed as subjective, useless, and deviant vis-
a-vis scientific information. It is also significant that the passage reframes discus-
sion of patient experience “in slightly more scientific terms”, as if to reinforce the
evidential superiority of the scientific voice and data. Elsewhere, patients’ thinking
is characterized as emotional and therefore neither objective nor useful in slightly
different terms.

The severity of the disease often results in a limited life span so that the prevalence (total
number of cases) remains low. This also implies a disproportionate distribution of young
patients with rare diseases. The combination of rarity, severity and children makes this
a particularly emotive topic. Again, little sense appears of a person within the objective
data. Patients’ wishes, therefore, may often over-ride the data. To what degree should
this be respected? The easy answer is “always” but in some cases those wishes cannot
be respected.... patients may need to be protected against their own over-enthusiasm.
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The understanding of risk is generally poor and similar risks are interpreted differently
depending on the context—both by patients and professionals. Hope in desperate situa-
tions is important but the distinction between hope and expectation is blurred. (Day 2010)

After mentioning that the person is lost in the “objective data”, the passage first
notes the likelihood that the rare disease patient will die young and then com-
ments that early death contributes to low disease prevalence. Given the nature of
this “emotive topic”, the scientist reader is cautioned against using such irrational
patient information in scientific decision-making. Ironically, the patient is thereby
lost in the data. Moreover, patients’ experiences are characterized as “wishes”, that
is, as desires that suggest fantasy. Described from the scientific community’s per-
spective, patients are desperate and cannot think straight. Although wishes should
always be respected they are not always; final authority is placed firmly in the con-
trol of the rational scientists. The authors of Chap. 1 offer yet a different take on
patient subjectivity. Having already identified the dearth of research on rare dis-
eases, they note:

For some rare diseases, it is not lack of information, but information overload that can be
overwhelming to patients and their families. It is important with multiple sources present-
ing information to the patients or their families to remain aware that not all patients are
capable of accepting or absorbing the same amount of information and at the same pace
as others. Recognizing variability in perceptions of the disease and desire to learn more
about a rare disease occurs at different rates for everyone. Family members and friends
have to be prepared to meet the patients where they are or where they want to be intel-
lectually or psychologically with respect to their disease and not where others believe they
should be. (Groft and Paz 2010)

Previously, these authors indicated that scientists need more information to reduce
the prevalence of rare diseases. Here, however, they state that the same impover-
ished amount is too much for many overburdened patients to handle. That line of
reasoning suggests that individuals with rare diseases suffer from as unaddressed
cognitive deficits, another manifestation of their bodily deviance from a norm.

Interestingly, patient experience is not only expressed in terms of aggregated
data but also in terms of surveillance. In epidemiological terms, surveillance
involves passive or active manifestations, rooted in direct or indirect contact
with the patient. In other words, surveillance is about getting good, i.e., non-
biased, information to crunch rather than looking at individual patient experiences
(Richesson and Vehik 2010). Although this term, surveillance retains the objec-
tivity of inference, its cultural implications are quite clear and are its perspective
on the patient as a data point (Foucault 1974). Similarly, the patients’ perspective
is subsumed in the quantitative language of assessment when Chap. 23 addresses
rare diseases patients’ quality of life or HRQOL:

HRQOL assessment in patients with rare diseases can help to identify health needs....
Reliability as well as content, criterion, and construct validity, and also responsiveness
should be taken into account in selecting the instrument to be used assessing patients with
rare diseases. The use of a proxy-report may be essential in some cases where the patient
is cognitively impaired or unable to communicate.... Given the impact of rare diseases on
the quality of life of both patients and carers, it is likely that interest in its measurement
will continue to increase among professionals, patients and the general public. Improving
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the quality of life of people with rare diseases should be one of the most important goals
of any health care intervention or multidisciplinary approach. (Rajmil et al. 2010)

From this scientific perspective, quality of life issues involve numbers, their reli-
ability, and the patterns they form in aggregate. Such numbers presumably rise
above the patient’s subjective experience and speak for everyone. So too are other
elements of the patients’ worlds excluded from the scientific data. When family
enters the discussion, the articles separate them from the research and researcher.
The family’s role is often invoked in terms of family-management and within
“the community” as stakeholders rather than particular experiences. Similarly, the
patient advocate is distanced from the medical community:

Frequently, those involved with larger numbers of patients in their practice or research
protocols recognize the expression of a rare disease may vary from patient to patient. In
many instances, it is the active patient advocacy group leader who describes the differ-
ences in patients. Appropriate epidemiological studies are required to confirm the opin-
ions offered by clinicians, patients, and families. (Paz et al. 2010)

The passage dismisses advocacy work from the realm of science. In fact, the
authors state that discussion of difference is utterly invalid without support by epi-
demiological research; in so doing, the article explicitly separates the social model
from scientific work. True, as the authors state just below, the stated scientific goal
is “to enhance social awareness and visibility” (Paz et al. 2010). But, the language
used to that end, as well as the facts brought to bear on it, have the opposite effect.
The work of considering the patient is deferred to advocacy organizations rather
than scientists and characterized as lacking legitimacy on its own.

To recapitulate, epidemiological inquiry into rare diseases serves its disci-
plinary goal of treating rare diseases across many populations. To that end and
enhancing funding initiatives, its language, as represented in the articles con-
sidered here, defines rare diseases monolithically, characterizing them in terms
that call attention to their types and patterns; as such, rare diseases constitute an
abstract category of statistical deviance from a monolithic norm. When human
behavior, physical actions, or opinions are evoked, as in Bean’s work, they are
deemed too subjective to consider and separated from scientific research and
decision-making. The existence of this common discourse reveals that scientific
and medical language is learned and applied in ways which instill and perpetuate
particular conceptions of rare diseases; these biomedical conceptions have signifi-
cantly improved treatment of rare diseases but without necessarily increasing their
visibility as much as envisioned.

The Social Model and Rare Disease

While the epidemiological research attempts to reduce the prevalence of rare dis-
eases, advocacy discourse aims at helping individuals with rare diseases live with
their physical bodies. Speaking from the social model of illness, these sites include
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the experiences of individuals and locate them within the broader healthcare con-
text. In so doing, the site makes rare diseases visible from various perspectives and
to more people globally. These elements are evident in the website of EURODIS, a
European advocacy organization for rare diseases (EURODIS). Following the
social model, the site defines terms fully, providing multiple perspectives on rare
diseases and on individual manifestations. In particular, EURODIS relies not on
numerical data alone, nor does it consider rare diseases in the aggregate. Instead,
EURODIS presents the “paradox of rarity” and clarifies misperceptions associated
with it. First, the site presents the European definition of rare diseases as “less
than 1 in 2,000” (EURODIS).2 As it explains:

Despite the rarity of each rare disease, it is always surprising for the public to discover
that according to a well-accepted estimation, “about 30 million people have a rare dis-
ease in the 25 EU countries”, which means that 6 % to 8 % of the total EU population
are rare disease patients. This figure is equivalent to the combined populations of the
Netherlands, Belgium, and Luxembourg. (EURODIS)

Rather than offering one number, the discussion compares several statistical sets
on the presence of rare diseases in European countries. As the multiple facts sug-
gest, rare diseases are a whole constituted by parts, each one of which merits
attention. EURODIS makes this point repeatedly, for example, when it states that
“diseases are rare, rare diseases are many” and that it is “not unusual to have
a rare disease” (EURODIS). By connecting part to whole, the site demonstrates
that rare diseases are individually few yet affect many as a whole. To clarify
this paradox of rarity, the site also addresses any “misperception and confusion”
(EURODIS) that the audience may hold true about rare disease terminology and
practices. In addition to defining such concepts as orphan drugs and diseases,
EURODIS focuses on diagnosing specific manifestations of bodily difference
rather than on identifying statistical deviance. In the discussion, as indicated, it
uses numbers but combines them with patient experiences in a broader health-care
context.

A survey by Eurordis (EurordisCare2)* focusing on diagnostic delays for rare diseases,
has revealed that, for Ehlers Danlos syndrome, 1 out of 4 patients waited for more than
thirty years before being given the right diagnosis. 40 % of patients participating in the
survey received a wrong diagnosis before being given the right one. Among them:

. 1 out of 6 underwent surgical treatment based on this wrong diagnosis;
o 1 out of 10 underwent psychological treatment based on this wrong diagnosis.
(EURODIS)

From a diagnostic perspective, the site’s goal is avoiding and “correcting mis-
takes” rather than reducing the prevalence of illnesses. By focusing on diagnosis,

2 As is not evident, the site’s visual elements contribute significantly to its efforts to be direct and
locate parts within wholes in their appropriate contexts. A picture of an individual in a wheel-
chair appears at the outset; and evident above, the site uses red numbering to emphasize certain
information. Moreover, the site uses red throughout to highlight significant elements. These red
areas are bolded in this text.
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the site can describe the effects of rare diseases on real people as well as on the
health-care system. Thus, described, those effects reveal how these bodies are
individually different rather than statistically deviant. In clarifying misperceptions
about diagnosis, the site also considers the physician’s expertise. As EURODIS
notes, the physician is not the only expert on rare diseases. To support this point,
the site reports that:

Up to 50 % of patients have suffered from poor or unacceptable conditions of disclo-
sure. In order to avoid face-to-face disclosure, doctors often give the terrible diagnosis by
phone, in writing - with or even without explanation — or standing in the corridor of a hos-
pital. Training professionals on appropriate ways of disclosure would avoid this additional
and unnecessary pain to already anguished patients (8). (Gross 1990)

Here, the physician is not all-knowing. The use of the striking statistic, 50 % of
patients have problems with disclosure, gives clinical value to individual patient
experiences. From this perspective, personal data are not subjective and dismissi-
ble matters nor do they detract from the authenticity of the discussion. Instead,
these experiences contribute to the goal of improving care. In addition to offering
multiples perspectives, both through statistics and patient experience, EURODIS
allows patients to speak for themselves, demonstrating the significance of their
particular perspectives to clarifying misperceptions. For instance:

From the Agrenska Center in Sweden, we can quote the following reactions from patients
and families who have participated in the Family Program:

. We finally get a true perspective on our children’s disability;
° We now feel “normal”;
. Exchange of experience is as important as expertise knowledge. (Gross 1990)

All knowledge is valuable, and all people can benefit from acquiring it. As the
patients themselves disclose, effective treatment acknowledges the patient as a
full, if differently bodied, member of the world community. As part of this bigger
picture, money matters affect patients not in terms of funding research that consid-
ers numerical deviance but on coping with bodily difference:

these expenses are born exclusively by the families, thereby generating an additional
inequality between rich rare disease patients and poor rare disease patients. Travel costs
to specialised centres are high in terms of time off work and financial cost. Furthermore,
the anxiety is amplified because usually only one parent can travel whilst the other looks
after other children or has to work.....As a consequence, while expenses increase dra-
matically, incomes are considerably reduced. In the case of an adult rare disease patient
who is well enough to be able to work, the work hours must be adapted to allow for medi-
cal visits and appropriate care. In terms of logistics, much remains to be done to ensure
real equality between a disabled and a healthy citizen. It is well accepted that impairment
leads to a disability if the environment and regulations do not take into account the special
needs of people with impairments to participate in society. The impairment is a part of our
being. The disability comes from outside by disabling factors. (EURODIS)

The costs of treating rare diseases are many and extraordinary; ignoring this non-
medical factor marginalizes patients in yet another way. As the site again makes
explicit, non-medical elements inform medical matters and belong to patient treat-
ment. Ignoring these elements, cost in this case, reduces the patient once more to
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an existence as a statistical deviance rather than to living as different but accom-
modated with the world. If there is any aggregate here, it is the aggregate of
forces working toward helping individuals with rare diseases. Often, rare diseases
affect “the whole family of a patient in one way or another” (EURODIS). From
EURODIS’s perspective, the family experience is part of the bigger health-care
picture to which the research contributes. This means that patient, scientist, physi-
cian, and advocacy organization must work together “co-producing a knowledge
base” (EURODIS). Thus, the site links its advocacy with the health-care system,
public policy, and the international community:

A global approach to rare diseases enables the individual rare disease patient to
escape isolation. Appropriate public health policies can be developed in the areas of
scientific and biomedical research, industry policy, drug research and development, infor-
mation and training of all involved parties, social care and benefits, hospitalisation and
outpatient treatment. In order to foster clinical research, the public funding of rare disease
clinical trials should be promoted through national or European measures. Healthcare pro-
fessionals, public health experts and policy makers cannot apply traditional responses and
prioritisation to greater need. This approach is not valid for rare diseases and is not ethi-
cally sustainable. (EURODIS)

Rather than separating science and society, EURODIS advocates for bring-
ing together their current work, work that is now “scattered and fragmented”
(EURODIS). The global approach addresses current systemic problems, per-
sonal (isolation) and in treatment (lack of knowledge). Human and social matters
are central to the goal of helping individuals with rare diseases. Again, scien-
tific data does not exist to validate individual experiences but the two kinds of
data work together. EURODIS discusses rare diseases from the patient perspec-
tive, using language which centers on bodily difference and rehabilitation rather
than on bodily deviation from a norm. By using multiple statistics to highlight
rather than hide aspects of rare diseases, the site embraces the paradox of rarity,
its many parts, within a whole. And, by including patient experiences, the site
demonstrates that patient experiences are essential in the effort to deal with these
conditions.

Implications

As the preceding discussion demonstrates, both the epidemiological and advocacy
accounts are working to increase the visibility of rare disease research. To that
end, rare disease scientists, epidemiologists specifically, typically propose research
based on the prevalence of an aggregate. Aided by new medical technologies, this
evidence-based research looks deeply into the sources, causes, and spread of rare
diseases; by accumulating data, this research is helping to reduce the numbers of
these conditions worldwide. The significant of these efforts cannot be underesti-
mated. Still, that approach limits how well it can serve its goal. Ironically, aggre-
gated data hides particular rare diseases and patient experiences of them. Such
data—focused on identifying deviance—disenfranchises those whose numbers are
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already low when they are considered as individual illnesses and, at the same time,
casts their bodies as deviant. But, it is not the numbers per se which are problem-
atic but the way those statistics are presented as universal and context-less.

In contrast, EURODIS focuses on the patient and integrates his/her experi-
ence into the account with statistics. By presenting numbers and experiences, this
approach contextualizes the part in the whole. And, by clarifying misperceptions,
the site demonstrates that human experiences and reactions to difference are not
merely subjective and expendable but significant to the dataset. Because they
approach the problem from different models and to different ends, the two kinds
of efforts cannot increase visibility as well as if they were combined. Although
data about prevalence is essential to improving the lives of individuals with rare
diseases, they will remain invisible if they are understood as an aggregate of very
diverse conditions, that is, if the paradox of their rarity is not made clear. And no
matter how inclusive it is, advocacy alone cannot treat the physical symptoms of
the diseases nor explain their development and course to support future efforts.
Both models must be part of efforts to improve the health-care situations of indi-
viduals with rare diseases.

To combine (bio) medical and social models requires scientists to acknowledge
the strategic argument about the aggregate inherent in their efforts; they must also
accept that individual experience is not antithetical to good science and that dis-
ease is a matter of bodily difference rather than deviance. Accordingly, the sci-
entific and medical literatures should recognize that quality of life issues can
enhance their data and goal of reducing numbers. By understanding that language
matters, that feelings and experiences constitute valid information—that facts can
be misleading, and that scientific practices perpetuate values—physicians and sci-
entists can render rare diseases more visible without compromising their research
goals.

In practice, this merger requires a major overhaul in scientific and medical edu-
cation, one incorporating the social model of illness and discussions of language
in scientific and medical curricula. Current research in writing studies is consider-
ing how scientists are professionalized as they progress through graduate school.
These efforts have demonstrates that writing actually mediates scientific practice
at the same time that most scientists take this mediation for granted (Takayoshi
et al.). Such writing research calls for more explicit instruction in and attention to
writing in graduate programs in the sciences. This instruction should consist not of
lessons in grammar and spelling but in how language choices affect cultural con-
ceptions of science and the human body.

Similarly, although medical schools have begun to realize the importance
of communication in doctor/patient relationships, they are less aware of the role
writing and communication play in professionalization (Awad-Scrocco 2012). To
address the bedside manner, so to speak, many medical schools include courses
in medical humanities and bioethics as well as in multicultural communication
(Fadiman 1997). Some schools are also developing M.A. programs in these areas
to provide health-care professionals with in depth understanding of and experience
with applying these models. These efforts must be continued and combined with



64 S. Newman

explicit discussion of the medical and social models of illnesses and of role such
language plays in shaping cultural perceptions about disease and health.

Finally, this merger of models requires a major overhaul in cultural thinking
about science, medicine, and the body. For this purpose, the EURODIS site dem-
onstrates the benefits of online delivery in shaping cultural concepts of health and
illness. Such a presence not only disseminates ideas to a broader public but blends
words and images, in black, white, and color. In so doing, these messages embody
the inclusiveness of the social model of illness and, specifically, the paradox of
rare diseases—the site speaks of many different kinds of body rather one deviant
type. This kind of presence, then, is one of the significant contributions the age of
2.0 makes to rare diseases.
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Vignette: Taking Control of Thalassemia

Angela Covato

My daughter, Cassandra, was diagnosed with Beta-Thalassemia Major, a genetic
blood disorder, at 6 months old. For the first 5 months of her life, she was a happy-
go-lucky baby, always smiling and moving her arms around. Then, one day I
noticed a difference. I went to a party and saw another baby her age there, laugh-
ing and so happy. I thought about how Cassandra was usually as happy, but that
lately, she cried more often and just seemed lethargic.
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Earlier that morning, I suspected that something was wrong so I took her to the
local hospital because it was very early and no clinics were open. They told me
that nothing was wrong. One doctor said it was normal for babies to have a fever
sometimes when there was no particular reason for it. He then had the nerve to tell
me to, “go home, because there are other patients that have more serious issues
than her”. I took his advice—he was a doctor after all—and went home. At the
party, looking at the other baby, I knew in my heart—the doctor was wrong.

After the party, I went directly to the hospital where Cassandra was born. The
intake nurse asked me a series of questions, including asking about her father’s
and my own ethnic backgrounds. We are both Italian. Immediately, the nurse
determined that Cassandra had a urinary tract infection (UTI) but she also sus-
pected a genetic blood disorder called Thalassemia. I was confused but also happy
that we were closer to a diagnosis so that the hospital could treat her.

Once the doctors confirmed that she had a UTI, they put a catheter in her. Still,
to this day, the thought of my 6-month old baby having a catheter put in brings
tears to my eyes. What they told me next was even more of a shock: Her hemo-
globin was 49. A normal 6-month old’s hemoglobin is between 110 and 120! She
needed to be transfused and she needed it immediately. The guilt I felt at that
moment for letting it get so low is indescribable.

I told the doctor that I was afraid. The tainted blood scandal in Canada (thou-
sands of people were being infected with HIV and Hepatitis C because of inad-
equately screened blood) was still in the back of everyone’s minds and certainly
mine. The doctor assured us that there was no option. She needed blood or she
would die. However, because her hemoglobin was so low she could only receive
the minimal amount or she could go into cardiac arrest.

When they transfused her, what I saw was amazing—within 20 min, I saw my
quiet, tired, baby transform back into the happy child, with rosy cheeks, that loved
to move her arms around and smile so much, once again. The guilt weighed on
me like a brick, but I decided--from that moment on—I would do everything in
my power to make sure no one ever doesn’t give her exact the care she needs and
deserves.

We were then referred to The Hospital for Sick Children in Toronto. Because
Cassandra received blood products, they needed a DNA sample from both me and
her father, to confirm the diagnosis. Once the hemotologist confirmed that she had
Thalassemia, I felt alone. I've always had family or friends that could relate to
something I was going through—this time was different. The clinic gave me the
name of a parent that I could speak to so I called her and she explained what it was
like to be a parent of a child with a chronic, life-long condition and that although
Desferal, the treatment to remove the excess iron she received during transfusions,
was hard, as long as we stuck to the treatment, Cassandra had a good chance of
having a good life. To this day, I feel indebted to this mother. The time she took
with me meant more than she will ever know.

At the next transfusion, the hematologist explained the genetic reasons for
Cassandra having Thalassemia. I felt like my whole world was shattered and I felt
such incredible guilt. Her parents, the people that would do anything to protect
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her, passed along this genetic trait to her. Over time, I learned to accept that she
needed monthly transfusions and saw how they gave her more energy and life.
What was truly hard for me was that she needed Desferal too. Having to poke
my own child with a needle, and cause pain, was so hard to comprehend. What
was even harder was knowing that I had to sit my beautiful 1-year-old down and
explain that she had to be poked with a needle for 5 nights a week.

I looked up information on Thalassemia and saw the severe bone deformities
and secondary conditions that can occur and was so upset; I felt like I could barely
breathe. The only thing I knew was despite my guilt, I needed to keep pushing
ahead—I needed to fight for Cassandra. Soon, I started to talk to the other parents
in the clinic and began to develop a network of support. I also met a few adult
patients that not only became a source of information for me, but my friends. I
started volunteering my spare time to the Thalassemia Foundation of Canada. 1
knew this was the only thing in my power to make sure Cassandra received the
best care possible. I also found what I needed—someone to talk to and the support
system I craved, as a parent.

As part of the Foundation, we advocated with the government to make Exjade,
an oral medication that could hopefully work as well as Desferal, available to all
patients in Canada. When Exjade was finally approved, most patients switched from
Desferal to Exjade immediately. I was cautiously optimistic, so, I waited. I waited
almost 2 years, all the while doing my own research and attending conferences.

Finally, when Cassandra was 9 years old, her physician mentioned that
Cassandra was one of the few patients still on Desferal. She didn’t say it out of
judgment; just simply a fact. I knew this was the time. I sat Cassandra down and
explained that there was this new drug. What I could not promise was that once
she started it that it would work, or that she wouldn’t need to go back to the nee-
dles and Desferal. My brave little girl said she understood but was ready to try.

Cassandra is now 14 years old and takes Exjade every night. It truly has made
a difference in our lives. No longer does it take time to mix the medication—and
even better, she no longer needs to have needles or be hooked up to a pump for
10 hours every night. Transfusions have become part of the routine of our lives.
Cassandra is now a beautiful, active teenager who is the flyer on her cheerleading
team, plays soccer and volleyball and is one of the first people you will see join a
speech competition—she loves the limelight, and it loves her back.

I’'m proud that the baby who seemed so lifeless, at 6 months old, is not only
thriving, but overcoming and shining. Last year, she was called down to the school
office, as all of the kids that have medical conditions were. She was confused
and thought “why are they calling me down there? There is nothing wrong with
me!” She is right—there is nothing wrong with her. She has a blood disorder but
it doesn’t define her. What I hope that every parent realizes from our story is this:
whether your child has Thalassemia or any other disease, they want what every
kid wants: to run and play, and be part of the crowd. Don’t treat them any different
than you would a child without that disease.

The harsh reality is that we won’t always be here for them. As hard as it is as a
parent to slowly let go, we must do it, so they can become stronger and eventually
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slowly spread their wings. Cassandra, at nine years old, learned to do her own nee-
dles. At first I was hesitant when she asked, but soon saw the confidence it gave
her to take her own healthcare upon herself. You must also, as a parent, build your-
self up. Try, (although it is hard, and I still struggle to this day), to let go of the
guilt and reach out to others around you. When you feel weak, networking with
others that understand can make you stronger. Your child can benefit too by spend-
ing time with other children with the same disease.

Most of all, advocate. Advocate for your child. No one will look out for your
kid like you. You have to do it. What led up to this point is now history, and out
of your control, but you can control the future for your child and ensure that they
receive the best care and treatment possible. That is what is in your power, as a
parent.



Industry Perspectives on Orphan
Drug Development

Sylvie Grégoire, Norman Barton and David Whiteman

The secret of business is to know something that nobody else
knows
ARISTOTLE ONASSIS

Abstract This chapter presents perspectives from the pharmaceutical industry
concerning the development of orphan drugs. This includes outlining orphan
drug development in biotechnology, the various factors necessary for commer-
cializing orphan drug candidates, phases and trials of clinical development and
factors which may affect commercialization of a product. The chapter concludes
with implications for patients and families.

Background

Interest and activity in orphan and rare diseases by the pharmaceutical (and, in
particular, by the biotechnology) industry has grown enormously over the past
30 years. Many observers trace the development of this emphasis to the passing
of the Orphan Drug Act in the United States in 1983, and, subsequently, to similar
legislation developed in many other countries (Talele et al. 2010). In reality, inter-
est in orphan and rare diseases has been driven not only by specific legislation,
but also by collaborative partnerships involving interested physicians and medical
centers; disease, or disease-group, specific patient organizations; biotechnology
and pharmaceutical companies; politicians and health care agencies and providers.

The Orphan Drug Act established a formal pathway to designate treatments
for specific diseases as orphan products, along with fiscal incentives (including
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periods of market exclusivity; specific tax credits; and administrative fee exemp-
tions) for their development. These are over and above protection provided by
patents specific to the drug. Appropriate safety and efficacy data, through the
Investigational New Drug (IND) process, however, remained as the basis for their
phased development and ultimate marketing approval.

The standards of safety and efficacy required of orphan drugs are, and should
be, no different than those for all therapies. To be approved, all drugs (Orphan
and non-Orphan) must “demonstrate substantial evidence of effectiveness/clinical
benefit” (Code of Federal Regulations 2012a) specifically defined as the impact of
treatment on how a patient feels, functions or survives and improvement or delay
in progression. Evidence of effectiveness is defined as “Evidence consisting of
adequate and well—controlled investigations on the basis of which it could fairly
and responsibly be concluded that the drug will have the effect it purports” (Code
of Federal Regulations 2012b).

Orphan Drugs for Rare Diseases

Orphan drug development programs have also been able to be considered (along-
side more conventional drugs) for accelerated approval: “FDA may grant market-
ing approval for a new drug product on the basis of adequate and well-controlled
clinical trials establishing that the drug product has an effect on a surrogate
endpoint that is reasonably likely to predict clinical benefit” (Code of Federal
Regulations 2012c). Such an accelerated approval requires post marketing verifi-
cation study (for instance, outcome studies, registries or specific additional trials)
to verify and describe its clinical benefit. Post marketing studies must also be ade-
quate and well-controlled, and conducted “with due diligence”.

With marketing approval, a previously designated orphan drug receives 7 years
of exclusive US marketing rights for the indication for that specific rare disease.
Talele et al. (2010) summarize the impact of those innovations on the development
of therapies for rare inborn errors of metabolism in the United States over the pre-
ceding 26 years. Heemstra et al. (2008, 2009) provide a perspective on the effects
of similar legislation in the European Union.

Orphan disease definitions are often prescribed in legislation or regulation and
vary with geography. In the United States, an orphan disease is defined as one
that affects less than 200,000 of the national population. In the European Union
(EU), the definition is a disease that affects fewer than 5 per 10,000 population. In
Japan, less than 50,000 of the national population. In the EU and in Japan, how-
ever, designation as an orphan disease carries a 10 (rather than a 7) year period of
market exclusivity upon authorization. Using the United States orphan drug defi-
nition, 6,000-8,000 rare diseases affecting 7 % of the population exist, 4/5ths of
which have a clear genetic basis, and 70 % of which have a prevalence of less than
100,000 people. More than 2200 molecules have so far been designated as orphan
drugs and more than 362 orphan drugs have been approved since 1983.
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History of Orphan Drug Development in Biotechnology

Early examples of biotechnology products designed to treat orphan diseases began
with products extracted from, and in many cases modified from (for instance by
the alteration of sugar molecule side chains that affected transport across cell mem-
branes) biological tissues. The next wave of products was driven by the need to
eliminate tissue as the primary manufacturing source and was enabled by advances
in molecular genetics and bio-engineering. An example is recombinant human
growth hormone (GH), developed by Genentech for the treatment of growth hor-
mone deficiency. This was driven by the need to eliminate the use of cadaver-
derived pituitary growth hormone production. The cadaver-derived pituitary
hormone carried the attendant risk of transmitting prion related diseases, such as
Creutzfeldt-Jakob disease. Genetic engineering technology was well-enough devel-
oped for a quantum leap in therapeutics which eliminated this cadaver-related risk.
Likewise, Genzyme Corporation with followed Ceredase (alglucerase), derived
from human placental tissue, with Cerezyme (imiglucerase), a product of recom-
binant bioengineering. The demonstration that this could be done, and could be
translated into a successful, commercialized, therapeutic program (which included
not only the provision of the drug, but a group of related services for patients and
educational programs for health care providers) opened up the possibility of other
recombinant human enzyme replacement therapies (Barton and Brady 1997).
There followed laronidase (Aldurazyme, Genzyme) to treat mucopolysaccharidosis
(MPS) I: idursulfase (Elaprase, Shire) to treat MPS II; and galsulfase (Naglazyme,
Biomarin) to treat MPS VI. Orphan drug enzyme replacement therapy is now used
to treat these and several other diseases routinely. While none has proved to be
curative, there have been clear benefits to patients in each case; in some cases, the
progression of disease appears to have been slowed or halted (Muenzer et al. 2011).
In such examples, the development of orphan drugs has been the result of collab-
oration between: an academic basic, translational and clinical researchers; practicing
clinicians; patients, patient organizations and advocates; policy makers; regulatory
agencies and payors of health services. In some cases, variations have developed in
the standard drug development Phase paradigm, which have allowed early access
initiatives after a single Phase II, IIT or combined II, III trial (discussed later). The
aim has been to provide access to patients as soon as there is reasonable evidence of
a positive risk benefit ratio from efficacy and safety data in a controlled clinical trial.

Factors Necessary for Commercialization of
Orphan Drug Candidates

There are multiple factors which must be considered by biopharmaceutical compa-
nies in order to consider commercial development of a new drug (new molecular
entity) for an orphan disease. Firstly, a description of a well-defined disease entity,
with a clearly understood clinical syndrome and characteristics, and a credible
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mechanism of action for the new drug, with biological demonstration of proof of
concept, that is based on a deep and detailed understanding of the basic patho-
physiology of the disease.

A carefully studied, and well understood natural history (which is frequently
not available) may have to be created in a baseline natural history study, which
may also include the collection of appropriate biological specimens (blood, urine
etc.) in order to describe metabolites that may be suitable as biomarkers of dis-
ease and treatment response. Development of an appropriate natural history may
include collaborations between a pharmaceutical company; government research
agencies (e.g. NIH, WHO) one or more patient and disease organizations; and,
in some cases, emerging pan-disease or group advocacy organizations (such as
Genetic Alliance, NORD, Orphanet and Eurordis). More recently, companies
have been set up specifically to collect and organize natural history (and, poten-
tially, treatment response) data, often using social networking technologies. In
some cases, (for example, Pompe disease) companies have sponsored extremely
detailed retrospective reviews of medical records of patients with the disease. This
is in order to construct an adequate natural history profile of the disease, and its
patients, to provide a baseline for hypothesis-based comparison to a specific inter-
vention, such as enzyme replacement therapy.

Following definition and purification of the new drug—and scaling up of pro-
duction in several sequential steps, with extensive pre-clinical development and
animal safety and efficacy testing (which often takes many years)—a package of
data is developed and submitted to one of the major regulatory agencies along
with a proposal for testing in humans.

Clinical Development: Phases and Trials

A clinical development plan is prepared, focusing on key clinical history, exami-
nation and clinical laboratory testing features (biomarkers as well as analytes
designed to detect any adverse effects of the drug on normal physiology) and
imaging parameters. Correlations between all of these variables must be examined
and understood as best as possible, and time series (pharmacodynamics and phar-
macokinetics) defined. Increasingly, enzyme and protein markers, as well as RNA
and DNA analyses are performed, although it has been found that the degree of
individual and family variation in DNA mutations (for all but a handful of dis-
eases) defies close clinical correlation. That is, specific DNA mutation data are, for
many genes, perhaps surprisingly, poor predictors of clinical outcome for disease
related to that gene, when considered alone.

For orphan drug development, a major issue, given the relatively small number of
patients affected, is the identification and selection of patients for clinical trials. In
the first instance, this is dependent on available medical experts for the disease who
can identify patients who have been accurately diagnosed and well characterized.
Many patients undergo a protracted and convoluted journey before ultimately reach-
ing what, in the context of modern drug development, should be called a “personal
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molecular diagnosis”. Shire HGT (2013), via their Rare Disease Impact Report, pre-
sent a visualization of the diagnostic odyssey that many patients experience.

The goal of a clinical trial is to formally (logically and mathematically: using
probability and statistics) test whether a drug is effective in treating one or more
aspects of a disease. For the purposes of such testing, patients enrolled in a trial
may also need to be at a specific point in the process of evolution of disease. For
instance, a group of patients who have been identified at a young age may not have
advanced far enough in some aspect of disease pathophysiology to be capable of
showing a large enough response to the drug. At the other extreme, patients whose
disease is too far advanced may not be capable of responding either. A clinical trial
comprised of patients of either of those two types is doomed to fail, even if the
drug actually works in another group of patients of intermediate severity.

Patients must be willing and able to take part in the trial; in some cases (again,
more frequently for rare diseases) this may involve frequent long-distance travel
or even relocation to a clinical research center. In the case of some rare dis-
eases, competition among trials for patients for testing several different potential
new drugs for the same disease (for instance, Duchene muscular dystrophy) may
impact the companies’ ability to fully recruit a trial for a particular treatment.

Historically, the clinical aspect of drug development has been described in four
phases.

Phase 1

A drug is tested either in healthy volunteers or, more commonly for orphan indi-
cations, in a small number of patients with the disease, primarily to establish that
there is no major adverse effect from the perspective of patient safety. In this
phase, investigators will often consider preliminary assessment of various dose
levels or timing and assessment of possible biomarkers, in order to gain insight
into appropriate dosing and measurement paradigms for the next phase.

Phase I1

A relatively small number of patients is systematically exposed to the drug at vari-
ous doses, and this may include a placebo group, in order to assess efficacy and an
optimal dose, as well as gather further safely information.

Phase II1

Often described as the pivotal or registration phase, this involves formal, con-
trolled and systematic testing of a hypothesis of the drug’s efficacy, usually
focused on one or more primary endpoints, as well as measurement of other



76 S. Grégoire et al.

clinical parameters, described as secondary endpoints. Safety monitoring contin-
ues. Success in two or more Phase III trials, taken with the accumulating database
of patients followed from the first two Phases, is often submitted to a regulatory
agency for consideration for approval. In the orphan disease area, a single Phase
IIT trial may be submitted (and approved), and elements of the traditional Phase II
and III may be consolidated into a single trial.

Phase IV

Often referred to as the post-marketing phase, usually follows registration, and is
designed to assess the continuing efficacy and safety of the drug in a more real-
world environment. Particularly for drugs for orphan diseases and small patient
populations, and increasingly for all new drug approvals, this involves the use
of outcome surveys or registries for continued study of the disease and drug
response. In the case of orphan drug approvals, the commitment (borne by the
company developing the drug) to the maintenance of these registries may extend
for 15-20 years.

All of this activity comes at a major cost, and both internal and external (par-
ticularly for smaller biotechnology companies developing one, or a few, drugs)
financial support may be needed to raise up to US$1B to move from basic research
proof of concept, and sufficient animal testing to enable approval by a regulatory
agency of an Investigational New Drug application, through to the later phases of
completed human trials, sufficient for approval. That amount is over and above the
costs of both external (e.g. university laboratories) and internal research to bring
the candidate molecule to the point where it is first considered as a possible drug
and then selected for commercial development by a pharmaceutical company

Future Developments

Therapeutic products of biotechnology are now moving beyond protein infusions.
A variety of other approaches to enhancing, modifying and replacing missing or
defective proteins (whether it is an enzyme (catalyst) for chemical reactions or a
structural protein component of a tissue) are now under development. Alternative
methods of delivery, such as gene therapy employing specially modified viruses
to cross cell membranes and reach targets deep in body organs; nanoparticles; and
direct delivery of product to body compartments other than the venous system,
such as intra-thecal delivery of enzymes in cases where disease affects the central
nervous system, are being elaborated. Technical advances in bio-engineering on a
large scale are allowing the production of drugs in a cleaner, purer environment,
and, in some cases, with higher yields than formerly.
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However, hurdles remain, particularly for less common conditions, now often
referred to as “ultra-rare” diseases. The financial resources available to support the
highly complex processes of commercial drug development are limited. In most
economies, the availability of resources for development is driven by the need for
a clear return on the investment made, with careful consideration of the risk of
such investment, and, therefore, the biotechnology industry and its financial back-
ers are forced to make selections among possible disease and drug targets.

Factors Which may Affect the Decision to Attempt
Commercialization of a Product

The factors that can affect commercialization decisions between individual drug
and disease targets for commercial development include the following.

Definition of the target disease must be clear, and the number and range of
involvement of patients, as well as (in some cases) the geography of affected
patients must be understood. For some rare genetic diseases, particularly those
whose genes follow an autosomal recessive pattern of inheritance, disease may be
localized to a particular place (or set of places), region or even ethnic group.

The disease pathology (the basic mechanism that is thought to explain
the symptoms, signs and progression of the disease) must be clearly defined.
Consideration is given to the ease (or otherwise) of demonstrating proof of con-
cept (usually in animal studies); that is, proof that the specific drug or interven-
tion produces a clear treatment result, understood on the basis of the pathology.
Co-localization of the drug and its target in the body must be shown. If a drug is
tailored to a specific pathology, but cannot cross cell membranes or barriers (for
instance, the blood-brain barrier) then it cannot be expected to work without that
barrier first being overcome.

Finally, the mechanisms of adsorption, distribution, metabolism and excre-
tion of the drug in the whole patient (and, first, in animals) must be defined and
quantitated. This is the field of pharmacokinetics and pharmacodynamics.

There is increasing interest in the use of mechanistic biomarkers as a basis (or
surrogate) in some of these processes. A biomarker is some (quantifiable) observa-
tion, for instance the chemical concentration of a metabolite in blood, which is
considered, and has then been shown, to be a hallmark of some aspect of a disease
state. Ideally, it should also respond to any new drug in the same direction, and to
a similar magnitude, as the clinical symptoms and signs themselves.

In some rare diseases, there is widespread variation in disease pathophysiology
and extent. That is, not all patients are affected in the same way, nor to the same
degree. In some cases, this is due to age and the natural history of disease pro-
gression: in others, it is variation in the type of mutation within a gene, and inter-
action of the resulting protein defect with the environment (traditionally referred
to by biochemists as the milieu). There are even examples, increasingly revealed
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by modern gene mutation (DNA) analysis, of unaffected family members carry-
ing the same genetic mutation pattern as others who are affected. Thus, symptoms
and signs of the disease must be clearly defined, readily measured, and accurately
recorded. For such reasons, a well-defined understanding of the natural history of
the disease itself, and its progression—which may also be variable—is key. When
natural history is well understood and recorded, the possibility of using that as the
“control” in a clinical trial increases and the need for strict randomization of trial
participants may be reduced or modified. Such a natural history can also allow an
appreciation of the likely duration and intensity of treatment and of possible drug
administration (i.e. dose, frequency and route of delivery) decisions.

A well-defined natural history can allow and optimize the absolutely criti-
cal choice of appropriate endpoints for a clinical trial. This is critical not only, in
the sense that they would succeed (in comparison with controls) in demonstrating
the effectiveness of the drug (or even of one drug over another, which is an even
higher hurdle) but critical also in the sense that those endpoints accurately predict
change in longer-term outcomes from the new drug treatment.

It is an unfortunate truth that, traditionally, quite large numbers of patients are
needed for the conduct of clinical trials, particularly Phase III, or registration, tri-
als. The more frequent the disease and the larger the number of well-characterized
patients with the disease, the easier it is to develop and execute a clinical develop-
ment plan. Modern approaches to drug development, and innovative approaches to
clinical trial design that specifically consider the needs of low-frequency popula-
tions such as those with rare or ultra-rare diseases, are beginning to make better
use of all of the information obtained from all of the patients in trials. This permits
lower patient number clinical trials. Several regulatory and industry groups cur-
rently have working parties focused on the development of novel, smarter, opti-
mized clinical trial and testing designs. In each case, the goal is to gain the most
knowledge from the least amount of data in the fewest number of patients.

All of the above considerations mean that those who pursue and who finance
the cost of drug development are forced to make difficult decisions about how to
structure clinical trial recruitment; they are also forced to make difficult choices,
usually in the absence of full, optimal information, between different drugs for
orphan disease development. Doing so effectively, and to the optimal benefit of all,
requires innovation, flexibility, careful timing and compromise between what may
be attractive and what is actually doable.

Implications for Patients and Families

The first step that most patients, families and patient advocacy and support groups
can take to promote their disease as a candidate for drug development is to take
part in defining their disease, including participating in surveys, registries, natu-
ral history studies, including studies that aim to carefully define valid disease and
patient subgroups. The second is the formation of strategic alliances, not only with
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other families, but with other family and patient groups, taking into consideration
commonalities such as disease, stage, subtypes, geography, and functional clus-
tering of disease groups and focus. This is particularly important for those whose
condition is ultra-rare in frequency. Affinities and alliances to particular funding
Foundations, both for rare disease generically, and for some system disease groups
should be explored. Relevant, experienced and appropriately qualified scientific
and medical advisors should be identified, and an early search (best started by sys-
tematic searches of the medical and scientific literature) begun for links to par-
ticular industry groups and companies. Disease awareness and political lobbying
campaigns and alliances should be considered.

Above all, collaboration between all parties is the key to the successful identifi-
cation of potential therapies for diseases; successful basic science research leading
to proof of concept; the design and conduct of well-powered clinical trials with the
best use of the smallest number of patients to demonstrate therapeutic efficacy; and,
ultimately to the registration and marketing approval for a drug, as well as in real-
world use registries and outcome surveys that are able to demonstrate continuing
effectiveness, and form a basis for continued reimbursement by health care payors.

Conclusion

The Orphan Disease Act (1983) in the United States, and subsequent similar leg-
islation worldwide, along with quantum changes in our understanding of genetics,
biology and biochemical engineering has opened up treatments previously thought
impossible for a wide range of rare diseases. Continuing innovations, particularly
in modes of delivery; alternative therapeutic vehicles and delivery systems; in
manufacturing process; and in innovative clinical trial designs will further broaden
the reach of therapeutics into ultra-rare diseases. Patients and families have impor-
tant collaborative roles and an increasing voice in this movement, and in the devel-
opment of efficient drug development and testing strategies.
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Part 11
Health 2.0



Health 2.0: The Power of the Internet to
Raise Awareness of Rare Diseases

Laura Montini

Synergy—the bonus that is achieved when things work together
harmoniously
MARK TWAIN

Abstract The internet is enabling people with rare diseases to connect with oth-
ers with the same condition and to access information and support in ways that
would not have been possible in previous decades. Through a series of interviews
with key stakeholders, and written in an accessible “patient-friendly” manner, this
chapter provides numerous examples of how these vital connections have helped
people with rare diseases and how the potential of this technology is only just
being realized as a powerful tool to advance research in the area.

Background

In the early days of the internet, some websites were as useful as a book sitting
on a shelf on the opposite site of the country. You would not know about it unless
someone told you it was there, and even if you found it, much of it might be out
of date. Today search engines deliver content from a number of locations on the
internet, and the dynamic nature of web pages makes it likely that their informa-
tion is current. The internet’s efficiency is why the collaboratively built and edited
Wikipedia is one of the top 10 most viewed sites online(Alexa Internet 2013) and
why the Encyclopaedia Britannica is no longer available in print (Encyclopaedia
Britannica 2012). The departure from static pages to ones that users can instantly
create, update and delete is characteristic of the shift to Web 2.0, a term that refers
to the internet as people use it today.
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A core tenet of Web 2.0 is that it allows for the harnessing of collective intel-
ligence by letting users generate content and become co-developers of the web.
Health 2.0, which spun off of this phenomenon, refers to an ongoing process, ena-
bled by the use of digital technology, that maximizes the knowledge of patients,
researchers, healthcare workers and others for the continuous improvement of care.

Emily’s Story (SMA Type 1)

One day, just after the calendar turned to the new year of 2013, a photo of a
father ice-skating with his seven-year-old daughter appeared online. The shot
showed Emily in a winter cap, bundled up in thick blankets, lying in her stroller.
Underneath her sat a portable ventilator attached to a long tube that travelled up to
Emily’s breathing mask. Her father Nate Lee stood behind her, and while keeping
a hand on the stroller pushed them forward, beginning another lap around the rink.

Emily is unable to sit or stand up, and she has difficulty breathing. She has
Spinal Muscular Atrophy (SMA), a disease that causes muscle weakness over
time and affects about four in 100,000 people (National Center for Biotechnology
Information 2013). There are four types of SMA, but Emily has type I, the most
severe form. A friend who knew Emily and her family well thought that the pic-
ture encapsulated the way Nate had cared for Emily since she was an infant. She
posted it to the online photo sharing site, Imgur, and wrote, “I submit my friend
for father of the year. Here he is ice-skating with his daughter who was born with
a deadly genetic disease called SMA type 1.”

Not long after, Nate heard that there was a picture of him on the internet. It
did not take him long to find it, and he was angry. Not at the poster, but at the fact
that Emily’s picture was on the front page of a highly viewed social media site.
His daughter was exposed to comments from all kinds of people who knew noth-
ing about her disease. Though his parental instincts were urging him to spring to
action and protect Emily, he did not do anything at first. Instead, he settled down
and clicked on the photo.

He could not believe what he saw. The picture of him taking his daughter for
her first skate had been viewed nearly one million times. If hundreds of thousands
of those who had looked at the photo had not heard of SMA before, now they
had. “There’s no other single thing has gotten that much attention with such little
effort,” Nate said. He is right in stating that his story is not typical. Yet every day
others have similar experiences, and each are made possible by the ability of the
web to spread information like wildfire.

Humans are naturally inclined to share information. Among the ones on the
internet, analysts can quantify just how much. Every minute WordPress bloggers
publish nearly 350 new posts, Flickr users add 3,125 new photos, and Facebook
members share more than 680,000 pieces of content (Domo 2012). Once infor-
mation becomes available, much of it moves. Sites are equipped with social shar-
ing buttons that transmit web addresses in two clicks or less. The signal from the
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online peer-to-peer world of healthcare information is not very strong in the midst
of non-stop content generation. But as the amount of information on the internet
increases, the more patients go there seeking answers. If they cannot find what
they are looking for, there is always the option of creating it.

After Nate saw the picture and the many comments below, he did act. His friend
who had posted the photo asked if he would lead an SMA question and answer ses-
sion, called an /AmA on Reddit. The discussion was called “IAmA Father of a Child
with Spinal Muscular Atrophy.” Nate was not new to socializing online, especially
when it came to SMA. In 2005 when Emily was diagnosed, he was not finding the
information he needed at the rate he needed it. “I felt like I had no control over the
knowledge that I was gaining and the decisions that I was making from them,” he said.

So Nate created SMAspace. The website was his take on the popular online
social network, MySpace, but specifically for those closely impacted by SMA. It
virtually linked families from across the United States and enabled them to cre-
ate discussion forums and point each other to education resources. From the start
it was a closed group, and to this day Nate still controls membership. He said
SMAspace now has more than 2,000 users from about 55 countries. The online
conversation on Reddit provided an opportunity that SMAspace, a closed commu-
nity, did not. Nate saw that he could reach a group that genuinely wanted to know
more about the disease. All sorts of people showed up to the discussion. There
were the generally curious, the incredibly frank and even the outright critical.
Above all, there were good questions. One person asked what the most challeng-
ing thing was that Nate had to overcome. Someone wanted to know how he dealt
with people who were caught off guard when they saw his daughter in a wheel-
chair. And a future doctor wondered how to get experience working with children
like Emily (Reddit 2013).

A public online forum might not seem like the right setting to talk about per-
sonal issues like health; yet many people continue to do it. In an age when 80
percent of American adults are consistently online (The Pew Research Center’s
Internet and American Life Project 2013), paying bills, taking college courses, and
buying groceries, they expect to be able to go online for healthcare information
and services as well. The reason this seems like a relatively recent phenomenon is
because it is only relatively recently that people started using the internet in large
numbers. By the end of the year 2000, just half of American adults were online. As
Nate demonstrated, not only doctors, not only patients, and not only caregivers can
contribute to the conversation. All of their intelligence is starting to be aggregated
online with the use of tools like databases, wikis, virtual communities, and blogs.

Health 2.0

Co-founders of the company Health 2.0, Indu Subaiya MD, and Matthew Holt,
held the first Health 2.0 Conference in 2007. There they began talking about the
term as a progression of four stages: users generating healthcare information,
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consumers connecting to providers, partnerships reforming delivery, and data ulti-
mately driving decisions (Health 2.0 TV 2013). There are a number of new tools,
as well as new uses for old tools, that are making this possible. Patients are pub-
lishing information online through blogs and social networks. Many of them have
even built these sites themselves. Patient to provider connections are taking place
using email, texting and phone communication, though unexpected challenges
have placed limits on how those are used. The internet can act as a meeting spot
where previously unlikely partnerships between patients and drug companies are
formed. Lastly, with the conversion of paper patient records to electronic health
records, researchers now have vast amounts of data to study, which will yield
findings that impact the way patients are treated. Indu and Matthew described a
system that, once each stage is mature, works less like a cycle and more like a net-
work where data flowing in and out of each part constantly enhance the ability of
the other to make improvements.

So far there has been progress in each of the four stages, but user-generated
healthcare is by far the furthest along. Considered by many to have spurred the
Health 2.0 movement, patients and those who care for them have seen the value in
passing along knowledge by way of the internet. Over the past several years Nate
has witnessed the evolution of these methods. When Emily was a newborn baby in
2005, SMA support group members were circulating information via email. It was
better than nothing, but it was not a perfect system. Members got email fatigue as
they watched their inboxes fill up. There also was not a way to effectively archive
and search past information.

During this time, new ways to socialize on the internet were becoming popular.
MySpace allowed users to build a profile so that others could associate a name
with a person instead of an email address, and message boards brought organiza-
tion to group discussions. After some searching, Nate was unable to find similar
applications that also ensured privacy. So Nate, a jack of many trades, taught him-
self how to build a private online network for his own rare disease community.
And around this time, he was not the only one with the idea.

User-Generated Healthcare

PatientsLikeMe was founded in 2004 by three Massachusetts Institute of
Technology engineers, Jeff Cole and brothers James and Ben Heywood
(PatientsLikeMe 2013). It was born out of their motivation to discover treat-
ments for James’ and Ben’s brother, Stephen Heywood, who was diagnosed with
Amyotrophic Lateral Sclerosis (ALS) when he was 29. ALS, or Lou Gehrig’s
disease, affects nerve cells in the brain and spinal cord that control voluntary
muscle movement. It is usually not diagnosed until patients start to exhibit symp-
toms at age 50 or older (National Center for Biotechnology Information 2013).
Desperate to find a way to extend Stephen’s life, James founded the ALS Therapy
Development Institute in 1999 (ALS Therapy Development Institute 2013). Then
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in 2006, PatientsLikeMe launched its first site, the ALS/Lou Gehrig’s disease com-
munity. From there PatientsLikeMe grew to include other rare conditions as well
as more common ones.

When patients first join, they build a profile based on their illnesses, symptoms
and treatments, which they can continue to update over time. Not only are they
linked up with those who have the same condition, but they can find others who
are similar to them, based on characteristics like age, gender and how long they
have been living with their disease. During pre-internet days, it was likely that
patients could go years or most of a lifetime without meeting anyone like them,
even if their disease was not technically a rare one. For example, epilepsy is the
fourth most common neurological disorder in the U.S., affecting more than two
million people (Epilepsy Foundation 2013). Yet PatientsLikeMe polled its own
community and found that before joining the site, one in three patients had never
known another person with epilepsy (Wicks et al. 2013). Ben Heywood once met
a woman in her 20 s who was diagnosed with a rare epilepsy syndrome when she
was a child, and she had never encountered anyone else who also lived with it. But
upon joining PatientsLikeMe she found 11 others who had been diagnosed with
that specific syndrome.

The Pew Research Center’s Internet and American Life Project found that one
in five internet users have gone online to search for others who have their illness
(Fox 2011). Friends and family members who care for a patient are also likely to
go online looking for people in similar situations. “The power of meeting someone
like you when you have an illness—or if you’re a parent and you’re trying to find
someone going through it with a child—is incredibly powerful,” Ben said. Those
who are brought together under these circumstances offer the kind of empathy
that can only truly be felt by someone who has shared the same experience. The
connections re-emphasize that there are others out there working to improve their
lives or the lives of the people they love.

Patients are not the only ones using healthcare social networks to ask questions
and share what they know. Physician online communities also help users to find
others based on similarities like specialty or area of research. The general struc-
ture of online physician communities is similar to patient networks. Users build a
personal profile, they can individually message other members, and they can par-
ticipate in discussion forums. Sites like Sermo and Doximity are exclusive to phy-
sicians. That way members can trust, to an extent, that the information they find on
the site is credible.

Doximity Co-founder Nate Gross MD, described the site as a LinkedIn for
doctors. He said the network includes about 120,000 U.S. physicians. One of the
greatest benefits of a platform that lets a number of physicians convene online
is the quick access it gives them to multiple opinions. Physician networks allow
doctors to create online message boards where they can round up specialists from
across the country and ask for advice, particularly about a challenging medical
case. Another advantage that comes with doctors being able to gather online is
that they can hear about and discuss new treatment possibilities at a much quicker
rate than before. “It takes 17 years for medical knowledge coming through, say
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a clinical trial being published in a journal, to actually spread across the entire
United States and affect the way that everyone in the country practices medicine,”
Nate said. Just two decades ago, most physicians may not have heard about new
studies or clinical trials in their field until they physically attended their specializa-
tion’s medical conference. Now online forums can serve as virtual meeting rooms
where doctors can discuss new findings the same day they are published.

Since Health 2.0 applications are designed to harness collective intelligence,
the more individuals there are continually pouring knowledge into them, the better
they work. This is currently a weakness of online physician networks. The typi-
cal physician does not log in and use a social site as frequently as the average
SMAspace user does. The entire technology industry faces adoption challenges on
an ongoing basis. It is difficult to change habits when one way of doing something
has been ingrained in a particular society for ages. When it comes to patients the
story is different. Disease can suddenly storm into the lives of previously healthy
individuals. In this case patients will use all tools available to either navigate
their way back to health, or to cope with a new normal. In other cases, patients
have lived with illness their entire lives. If an online application can give them
the hope of understanding their disease better, they only stand to gain from trying
it. On the other hand, doctors have practiced with nondigital systems for decades.
Technology that does not fit into their workflow costs them time, which is often
time they would otherwise be spending with patients.

Of course, not all physicians are social media or technology-averse, and many
see value in spending some time online. One recent survey found that nearly one
quarter of physicians use social media each day to scan for medical information
(McGowan et al. 2013). European doctors in fact have shown more interest in
using physician social networks. Manhattan Research’s “Taking the Pulse Europe
2012” report found that 22 percent of doctors used these sites, up from 13 per-
cent in 2011 (Manhattan Research 2013). Whether or not doctors chose to adopt
new technology comes down to personal preference as well as the culture that
they practice in. It can also come down to their sense of which technologies could
potentially do more harm than good.

Patients Connect to Providers

The second stage of the Health 2.0 progression involves patients and doctors reg-
ularly using digital tools to communicate with one another. There are numerous
ways to connect including telephone, email, video conference and text message.
And patients and providers utilize each to some extent. In certain areas of health-
care, doctors have enthusiastically taken to using telecommunications tools. The
United States Department of Veterans Affairs, a government-run healthcare pro-
gram for military veterans, provided about 140,000 remote consultations in 2011
(Nebraska State Board of Health Meeting 2012). Telemedicine startups have
sprung up across the United States, and many have been met with interest. But
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doctors in the U.S. face significant barriers to using telemedicine. Currently most
have a payment system that only reimburses them for in-office visits. Additionally,
in certain states, it is illegal to practice medicine across state lines, which it turns
out is a common problem. Physicians are also worried about the possible harm
they could do. In the case of phone calls and even video conferencing, doctors do
not want to offer the wrong medical advice as a result of not being able to physi-
cally see a patient.

Unsurprisingly the majority of patient care still takes place in the office, and
this will continue to be the paradigm for years to come. However, some basic
but effective doctor-to-patient communications can take place remotely. When it
comes to Emily’s medical care, her pediatrician encourages her parents to avoid
routinely bringing her to into the office so she does not risk getting sick. Instead,
her doctor gave Nate his phone number and email address as well as permission to
text and page him. This way questions about drug dosages and arrangements for
new prescriptions and medical equipment are handled from afar. Digital commu-
nication is especially applicable for orphan disease patients when location is a bar-
rier to obtaining the best possible medical advice. Often these patients are unable
to find specialists within their local radius who have seen a similar case. But the
internet can make even the most physically remote expert accessible. Many rare
disease specialists are open to communicating with caregivers, patients and their
local providers through email and over the phone. Emily’s parents, for example,
receive advice from a pulmonologist in Wisconsin and a neurologist in Utah who
both have specialized knowledge about SMA.

But even doctors who are open to consulting with patients from a distance pro-
ceed with caution. Each medical case is different, and for a physician to be able to
provide advice to an individual, they have to have a thorough knowledge of that
patient’s medical information. Dr. Kathryn Swoboda, an Associate Professor of
Neurology and Pediatrics at the University of Utah School of Medicine, researches
SMA and has been in touch with Nate and many other SMA families. Every time
she writes an email to patients or parents, she is cognizant of the fact that it could
end up published on the web and offered as advice to other patients whom it was
not meant for. “It’s a problem for physicians because things can get taken out of
context, and when stories get told over and over it can change what the initial
intent of the advice was,” Kathryn said.

It is extremely frustrating for rare disease patients and their families when their
local doctor does not have answers for them. It is what leads them to the internet
to seek out medical information and recommendations from their peers. But health
professionals remain the most trusted individuals when it comes to getting treat-
ment information. Other medical advice found on the web is largely supplemen-
tal (Fox 2011). Because of this trust and a need for convenient access to expert
information, there is a role for physician and patient communication on the inter-
net. Given all the of complications that come with bridging the two groups online,
though, companies trying to do this have to be thoughtful about their approach.
Startups like Alliance Health and MedHelp have set up an organized structure to
get patients and providers in touch. Similar to PatientsLikeMe, Alliance Health is
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an online site that hosts condition-specific social networks for patients. Alliance
launched its first community, Diabetic Connect in 2006, which now has about
750,000 registered users.

Each community site includes the same basic groups of members including
patients, caregivers, hired community managers, and patient advocates. Though
unlike the others, Diabetic Connect also includes healthcare professionals. Through
a partnership with the renowned research facility, Joslin Diabetes Center, an endo-
crinologist, a few certified diabetes educators, and a registered nurse are members
of the group. Joslin staff can comment on posts from Diabetic Connect members
and respond to frequently asked questions. David Goldsmith, Vice President of
Product Partnerships and Development at Alliance Health, said that Alliance also
partnered with the Mayo Clinic to create a similar setup for its Heart Connect com-
munity. The model allows for the proliferation of expert knowledge when it comes
to general questions about diseases, drugs and treatment, but it avoids putting a pro-
vider in the position of having to offer patient-specific questions.

Partnerships Impact Care Delivery

It is important to note that both Alliance Health and PatientsLikeMe are for-profit
companies. Alliance was originally formed to identify diabetic patients online who
were looking for medical supplies, so that supply companies could better target
their marketing efforts. Today drug, device and health service companies use the
site to advertise to relevant condition-specific communities. Alliance states that its
overall objective is both to deliver greater value to the healthcare consumer and
greater efficiency to the healthcare marketer (LinkedIn 2013).

PatientsLikeMe makes a profit by selling de-identified patient health infor-
mation from members’ profiles to drug, medical equipment and health insur-
ance companies (PatientsLikeMe 2013). The company tells its users that almost
every piece of information they submit could be shared with its business partners
(PatientsLikeMe Privacy policy 2012). PatientsLikeMe says this data helps a phar-
maceutical company, for example, to identify the types of patients its drug is inef-
fective for. The thinking behind it is that the ability to drill down into patient data
to examine subgroups, like middle aged women or young adults with a specific
comorbidity, paves the way for developing personalized medicines. These business
partnerships allow both companies to keep the lights on so they can provide valu-
able social networking services for the patients who use their sites. PatientsLikeMe
emphasizes that its model hits a sweet spot between bringing in revenue and
improving care. “Every partnership we develop must bring us closer to aligning
patient and industry interests,” the website states.

PatientsLikeMe has an “openness philosophy”, encouraging users to share their
health experiences and outcomes in order to enhance the collective disease knowl-
edge base. However patients should be aware of two things before they make
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decisions about what information they provide and how much they want to pub-
lish. One, privacy on the internet is never a sure thing. Even if a member con-
tributes information semi-anonymously under a user name, the more information
he shares, the more identifiable he potentially is. PatientsLikeMe says that outside
data sources can be used in combination with patient information from the site to
piece together a person’s identity. A stated risk of using the site is that identifi-
cation could lead to discrimination from an employer or insurer (PatientsLikeMe
Privacy policy 2012). And two, members do not have control over how their data
is used by a third party. It could be used for drug research, but it could also be
used for drug marketing research, an effort patients might not want to be a part of.

In addition to its revenue-generating partnerships, PatientsLikeMe has also
aligned with nonprofit groups. Several collaborations have specifically been
formed to benefit orphan disease research. For example, the company recently
partnered with the AKU Society, a United Kingdom-based charity that raises
awareness and research funds for the rare disease, alkaptonuria (PatientsLikeMe
2013). AKU is a genetic disease that causes early-onset arthritis. The partnership
created an AKU patient registry, which like all others on PatientsLikeMe can be
used by third parties for research.

Pharmaceutical companies and researchers studying the impact of their drugs
in orphan disease patients benefit from the availability of these platforms in sev-
eral ways. A registry gathers patients that are typically hard to locate—specifi-
cally because of their rarity—in one place online. With these members keeping
detailed and updated accounts of their experiences, researchers learn about the
impact of a particular drug at a much faster rate. “The platform allows the system
to actually begin to measure the meaningful outcomes and how treatments are
affecting patients in the real world, in real time,” Ben Heywood said. It also lets
them do it much more cheaply than a traditional study, which can cost millions of
dollars.

In a way, patient community sites that rely on their patient users and their
researcher customers form partnerships between patients and industry. The opti-
mal outcomes from this relationship are better products that improve lives.
However, it is understandable why this model makes many people uneasy. The
pharmaceutical industry is widely thought of as one of the least trusted segments
of the healthcare system. However, the internet provides an opportunity for the
industry to change this perception. Just as there is a place for physician to patient
communication online, there is also a place for drug company to patient interac-
tion. Currently the drug-related conversations on patient community sites are
one-sided. Drug companies can listen to what patients are saying, but they do not
reply. Alliance Health’s David Goldsmith thinks that is going to change, and in the
coming years drug companies will start to converse with patients directly. “The
companies that get out in front on this and find ways of actually connecting with
the patients more proactively or trying to be far more consumer- or customer-cen-
tric, will be the ones that begin to really chart a different course for the industry,”
he said.
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Data Backs Decision Making

Dr. John Mattison is of the same mind that pharmaceutical companies can improve
their reputation in the digital age of healthcare. But it’s going to take a lot more
information than patient anecdotes and self-reported data for them to do it. In the
not too distant future, increasing numbers of patients will have access to whole
genome sequencing, providing insight into their genetic makeup that can reveal
exactly which treatments will work for them and which will not. John (Chief
Medical Informatics Officer at Kaiser Permanente of Southern California) said
that, with this information, pharmaceutical companies can protect patients in
advance from taking drugs that they know will not work for them or will give
them severe side effects.

The cost of whole genome sequencing has decreased over the past decade, and
experts predict that with improvements in technology the procedure will soon fall
to $1,000 (Winslow and Wang 2012). This is remarkable given that the cost per
whole genome was $100 million in 2001 (National Human Genome Research
Institute 2012). “We’re entering an era where the genome will be a necessary part
of every single health record,” John said. Advanced genomics will reveal just how
unique every individual truly is, genetically speaking. It will uncover how many
different variants of disease exist within broad classifications like diabetes, cystic
fibrosis and cancer. It will lead to the diagnosis of diseases that do not have names
yet. And it will show just how tailored to the individual treatments must become in
order to be effective.

In some ways drug companies are incentivized to invest in orphan disease treat-
ments. In the U.S. the Orphan Drug Act encourages research through grants and
reduced taxes. In 2011 the U.S. Food and Drug Administration counted nearly
1,800 projects in development with an orphan disease designation (Long and
Works 2013). Also, as generic versions of blockbuster pills are brought to market
by competitors, there is economic value in discovering drugs for smaller groups of
patients, for which drug companies can charge more money per dose.

However, personalized medicine threatens their current business model. Drug
companies make most of their money from patients who do not experience the full
intended benefits of their drugs. Technology is getting closer to being able to use
genetic typing to figure out who those patients are. If a test shows that in fact,
70 % of patients do not benefit from a particular drug, the manufacturer will be in
a tight spot. It will either have to significantly increase its prices or stop making
the drug altogether.

This is why pharmaceutical companies will have to get involved in the business
of drug designation. John believes it will be part of their job to know which patients
will benefit from a drug, and to make sure they receive it. It will also be part of their
job to inform patients if they are likely to experience harsh side effects. And it will
be their duty to identify the patients who will not benefit from their drug and make
sure they do not take it. “Today they’re one of the least trusted elements of health-
care, and the first one that gets to that trough is going to be the most trusted and set
the standard for the rest of the industry,” John said (YouTube 2012).



Health 2.0: The Power of the Internet to Raise Awareness of Rare Diseases 93

Personalized medicine is currently only used today in a few areas such as
oncology and newborn screening. It will take years before its effects are fully real-
ized. In the meantime, doctors and scientists proceed with rare disease research
with the information they have. In most cases, this is limited, but it is certainly
growing. One of the ways this is taking place is through a global effort to rec-
ognize every known rare disease. Orphanet is an organization based in France
that makes orphan disease data available to researchers. It was first formed by
the French government in 1997 so that officials could make more informed poli-
cies on rare diseases. Orphanet has since become an international consortium that
includes 38 countries. The network includes mostly informaticists and researchers
working with rare diseases. However its data, which is available at orphadata.net,
is open to everyone, and about one third of its site traffic comes from patients.

Orphanet currently recognizes about 6,000 rare diseases. The organization con-
tinually updates its inventory based on its minimum criterion for entry: the dis-
ease must occur in two separate clinically homogenous cases. So even if there
have only been two known individuals in the world to ever have had the disease,
it is entered into the database. Another mission of Orphanet’s is to update the
International Classification of Diseases (ICD) to include rare diseases. ICD is a
World Health Organization classification system involving codes that correspond
with diseases. The ninth and tenth revisions, ICD-9 and ICD-10, are currently used
today, and the ICD-11 revision is underway. Orphanet Chief Scientific Officer Ana
Rath said rare diseases are badly represented in ICD-10, with only about 200 dis-
eases out of the thousands recognized by Orphanet included.

It is important to have as many diseases as possible in the ICD. Since it is an
international standard it can enable international collaboration. As countries
around the world implement electronic health records, there will be more oppor-
tunities to bridge information gaps in order to learn more about groups of patients.
An individual patient’s electronic health record holds information about each
condition, treatment and procedure they have experienced since they were born.
Many researchers believe that millions of medical history records will change the
way clinical trials are conducted. The thought is that each patient with an elec-
tronic record is virtually participating in a huge, ongoing clinical trial. So rather
than enroll a group of patients in a time-consuming and expensive study to test a
hypothesis, scientists can find out if the hypothesis proves true according to exist-
ing data. In the future rare diseases can be studied in the same way, even across
international borders. But first, they need to be assigned codes in order to be rec-
ognized by the system.

Concluding Thoughts

Founder of O’Reilly Media Tim O’Reilly delivered the commencement address to
the University of California Berkeley School of Information class of 2006. In his
speech, Tim (known for popularizing the term Web 2.0) related an anecdote that
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summarized the changes then taking place in computing and still going on today:
“Clay Shirky, who studies the effects of the internet on society, was at a confer-
ence where he told the story of Thomas Watson. Watson was head of /BM from
the 1950s until the 1970s, a time when the company produced its first mainframe
computers. Watson once famously stated that he saw no need for more than five
computers worldwide. Everyone in the audience laughed, thinking of the millions
of computers that existed.”

Then Clay finished with the thought, “He overstated the number by four.”
Clay’s premise was that the internet joins each of the millions of physical com-
puters into one vast computer, virtually a single brain. And the more that people
contribute to the internet, the greater its impact. “The secret of success in the net-
worked era is to create or leverage network effects,” Tim remarked (SlideShare
2013).

That was the motivation behind Nate creating SMAspace, and it is why the site
eventually evolved into an international network. When Emily was born, Nate
stated an ambitious mission: that no SMA family in the world would be unable to
connect with other families or unable find the information it needed to make deci-
sions. Starting with a simple site, Nate’s message was picked up and carried by
other families across the U.S., then by more families across dozens of countries. At
the very least Health 2.0 makes the world feel a lot smaller. At the most it builds a
global network that will lead to better healthcare tailored to each individual.
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Vignette: Living with NOMID:
Michael’s Story

Jocelyn Gardner

Michael was born Feb 1, 2004, a full term baby and appeared healthy. All the
standard newborn tests were run, including the PKU test. Before leaving the hos-
pital, Michael developed a rash within 24 h of birth, his mother was told it was a
normal neo-natal rash and not to worry. He was severely colicky and his mother
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had been to the doctors many times in the first month, due to his extreme behavior
and an increasingly aggressive rash.

By two months of age and many doctors visits later, the family doctor told
his mother she was just tired because she was also going through a divorce. He
accused her of suffering Munchausen syndrome and suggested she place her kids
in foster care to give her a break. Naturally, she did not even consider such a pre-
posterous idea and forged on.

At his second trip to the ER for what appeared to be a severe allergic reaction
to an unknown source, his mother was informed that there was no PKU result,
investigation showed the sample was received at the Ontario government Lab,
however the test results were lost.

Over the next 16 months, hospital trips became routine and by Michael’s first
birthday, the local hospital began to reject Michael. It would seem they were as
afraid of him as their mother, and would just tell her to take him to the Sick Kids
Hospital right away.

Michael was suffering with regular fevers, ataxia, he could not bear weight, had
an aggressive rash covering his entire body, multiple episodes of toxic joint effu-
sions, eye and ear deficits, high blood pressure, regular breathing problems and
vomiting. He was rapidly deteriorating, but there was little being done to diagnose
him.

During a visit to a specialist at Sick Kids, a resident reviewing Michael’s chart
mentioned he was checking him for NOMID. The pediatric rheumatologist had
not told Michael’s mother about this and when she contacted him he said that that
they were certain it could not be NOMID, but were ruling it out along with a list
of other potential diagnoses.

Nevertheless, the family immediately looked up NOMID, since most other dis-
eases had been ruled out. The picture was bleak and they desperately wanted to
believe the doctor was right, that it could not be NOMID.

Only a week later Michael crashed again and was admitted into Sick Kids for
another week. This was his worst episode yet. He was unable to move, lift his
head, his fontanel was bulging and his joints were swollen. His strange behavior,
inability to focus or engage anyone, inability to balance or even sit up was terrify-
ing. In that week there were hundreds of doctors and students parading through
to see this little curiosity, his mother obliging in the desperate hope that someone
could help.

He was not given any medication for pain for the first four days, despite dan-
gerously high blood pressure and a toxic synovial infection. He was on a waiting
list for an MRI for more than six months at that point and it was never done, even
though he was admitted into hospital and displayed obvious neurological symp-
toms. He was discharged after seven days and not a single doctor kept their word
in terms of co-coordinating a multi-discipline meeting, nor was any follow up
planned. It was a matter of, “I’m sorry Ma’am, we just don’t know.”

That admission was the final straw and Michael’s mother, my daughter went
to the Internet. There was only one website about NOMID on the Internet at the
time which had been created by the parent of a child with the condition. She
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e-mailed the page owner and hours later was contacted and given the name of the
lead researcher working on projects concerned with this disease at the National
Institutes of Health in Bethesda, Maryland.

The Doctor at the NIH responded to her desperate voice mail and called back
the next day. After a lengthy discussion, she felt confident based on the infor-
mation his mother provided, that NOMID was a probable diagnosis. She asked
his mother to have Michael’s rheumatologist make a referral, in order to bring
Michael to Bethesda, Md. Being a single working parent of two young children,
travelling was far from practical, however, desperate to do something for this help-
less little boy, she would have done anything.

After the Rheumatologist from Sick Kids spoke to the NIH, he called my
daughter and said it was not necessary to go to the States, he would try to get
Michael into a study at the hospital but it would take months and require
Governmental approvals. When pressed, he admitted there was no guarantee he
would be accepted. Knowing from the Doctor in the US it was literally a matter
of life or death, my daughter made the only choice she could and travelled to the
United States.

At the NIH, Michael underwent extensive testing, including an MRI, spinal tap,
numerous blood tests, biopsy, x-rays, hearing evaluation, eye evaluations and bone
density to name a few. This was testing that should have been done much sooner.
This organization understood the urgency of the condition, and no stone was left
unturned.

At the end of a long week of testing, my daughter learned that Michael was
a ticking time bomb. He had remarkably high inter-cranial pressure, which had
caused a stroke and damaged an area in his brain, and his optic nerves were
inflamed and damaged. He was living his entire life in excruciating pain, which
had been untreated for all that time. His bone structure and growth was signifi-
cantly delayed. At 21 months of age he already had early osteoporosis. Not a sin-
gle test came back within “normal ranges”.

Genetic testing confirmed a genetic mutation; in his case this mutation has been
reported in less than 20 people worldwide. The NIH agreed to take on Michael
as a patient and for him to participate in an experimental treatment, which would
be unattainable here in Canada. Michael received his first treatment on October 1,
2005 and made us all believe in miracles.

To this day, when Michael goes to the local hospital, my daughter ends up
wasting valuable time explaining his condition and then having the doctors doubt
her explanation. They often require her to have the doctors here contact the NIH
in order to validate his unusual situation, and for the doctors to get guidance. They
will do as directed by the NIH and quickly walk away. No one will commit to his
ongoing medical care.

The battle after diagnosis continues, affecting many aspects of Michael’s life.
When trying to get him into regional day care, hoping to participate in the early
intervention programs, it was necessary to disclose his health problems. Suddenly
it was necessary to review his case—once his mother supplied all his medical
information, it was then refuted because it no space was from a doctor outside
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Canada, and the condition is classified as a “rare disease”, which they did not
understand.

Now an active 9-year-old boy, Michael’s disease is under control and he is
thriving. His life will always be impacted by his disease and he will require care
for the rest of his life; he needs occupational therapy and assistive devices at
school due to his fine motor delays. He must make adjustments and sacrifices at
times in order to participate in day-to-day life with his peers. Michael is strong,
and a great advocate for himself and others. He is well aware of his limits, but will
allow nothing hold him back from trying.

Michael continues to travel to the NIH as part of the clinical trial and in order
to ensure access to treatment.

We had a small breakthrough last year. When Michael’s older brother was in
hospital for his appendix, the doctor taking care of him asked questions about
Stephen’s family history. When he was told that Michael had NOMID he was
very interested and asked who Michael’s doctor was. When we told him Michael
did not have a doctor in Canada he asked if he could take him on as a patient.
He explained that he did not know about NOMID but he would like to contact
Michael’s doctors in the US and wanted to learn about it. As he said, “This is a
one in a million opportunity to learn about a rare disease”.

Over the past nine years there have been small steps towards the medical pro-
fession being open to the possibility of a person having a rare disease, thanks to
families and patients speaking out and not sitting back and accepting that there is
no help for them.

Living with a rare disease is a challenge; the patient or parent must become a
medical student, detective, human rights advocate and politician, in order to navi-
gate the underworld that accompanies the “rare disease” label.

Canadian CAPS Network



Health 2.0 and Information Literacy
for Rare and Orphan Diseases

Hannah Spring

We read to know we are not alone
CS LEWIS

Abstract This chapter examines the issues of information literacy for both health
professionals and patients in the context of rare and orphan diseases. In particular,
the chapter uses a real life case study to consider the information experience of a
person in the early stages of a rare condition, both pre and post diagnosis. It also
reviews the information experience of the health professionals responsible for their
care. The chapter addresses common barriers to information literacy such as lack
of information, lack of information skills and difficulties associated with accessing
information. Behaviour related to information pre and post diagnosis is also dis-
cussed in this chapter, together with the current role of health 2.0 as the provider
of both information and emotional support for people with rare diseases. Areas
currently being given consideration for future coordination are briefly reviewed as
part of the development of information literacy in rare and orphan diseases.

Introduction

The information age has fundamentally changed the way people interact with
information and also increased the accessibility of information. Only three dec-
ades ago, the doctor was generally viewed as the main information authority in
matters of disease and intervention. In hospitals, medical libraries were reserved
exclusively for the use of doctors and consultants, whilst other health profes-
sionals such as nurses and allied health professionals were not deemed worthy

H. Spring (><)
Health and Life Sciences, York St John University, Lord Mayor’s Walk, York YO31 7EX, UK
e-mail: H.Spring @yorksj.ac.uk

R. K. Bali et al. (eds.), Rare Diseases in the Age of Health 2.0, 101
Communications in Medical and Care Compunetics 4,
DOI: 10.1007/978-3-642-38643-5_11, © Springer-Verlag Berlin Heidelberg 2014



102 H. Spring

of their use. The idea of a patient having access to medical information, or even
having the skills to use it was unheard of. The birth of the information society
has made a mockery of such values, and in current times individuals are consid-
erably more information rich than they were in previous decades, having greater
exposure to health related information (Cegala et al. 2008). Today all disciplines
of health professionals have access to health information, are expected to use it
for the purposes of evidence based practice, and in fact often complain of suffer-
ing from information overload. Furthermore, the general public have access to the
same information as the health professionals who provide their care. The issues
of information access and use can however be different for those suffering with a
rare disease. This chapter uses a case study to highlight the issues of information
access and information literacy in the case of an individual in the early stages of a
rare condition.

Information and the Experience of People With Rare
Diseases: A Case Study

This case study focuses on the real life experience of a 38 year old British woman
diagnosed with cluster headache. Although cluster headache does not fit the defi-
nition of a rare disease in terms of its prevalence (MacGregor 2011), it is uncom-
mon and particularly difficult to diagnose. It typically affects men in their twenties
through to forties, and the average time for achieving a diagnosis is 10 years
(MacGregor 2011). It is a member of the primary headaches group and far less
common than secondary headaches, which are caused by external factors such as
stress or as symptoms of another condition for instance a cold or flu. Cluster head-
aches are often incorrectly diagnosed and treated as migraine, but in fact need very
different treatment, typically including daily injections, or oxygen. The condition
is very difficult to achieve complete control over and even with treatment, suffer-
ers are rarely symptom free.

Cluster headache is a debilitating condition which presents as a sudden onset
of severe and intense pain, usually on one side of the head and/or face. The pain
is usually accompanied by what are termed ‘cranial autonomic symptoms’ on the
same side of the head in which the pain occurs. These include redness and tear-
ing of the eye, a running or blocked nostril, facial sweating and flushing, constric-
tion of the pupil, and extreme restlessness and agitation. The attacks can last from
just a few minutes to up to 2 h and can reoccur within a very short space of time,
hence the name ‘cluster’ headache. Some people experience acute attacks which
can last between six to eight weeks approximately once per year, whilst others
suffer from chronic cluster headache attacks which in extreme cases can happen
daily and almost constantly, sometimes up to eight times a day. Although not life
threatening, the unpredictability of the condition can have a severe impact on the
quality of life of those who suffer from it, in some cases having led to suicide or
attempted suicide.
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The uncommon nature of cluster headache means that it is not well under-
stood and largely unheard of both by the general public and by many health
professionals. The condition is therefore one which is both underdiagnosed
and regularly misdiagnosed, and so for those suffering from it, the experi-
ence of obtaining a diagnosis is characteristic of and similar to those with a
rare disease. There is very little research into cluster headache and very few
health professionals with appropriate expertise in the area. In this sense it is
an orphan disease and the main funding source for research into cluster head-
ache is through the only charitable organisation that exists for the condition
(OUCH (UK) 2011) (Organisation for Understanding Cluster Headaches). The
American equivalent of OUCH has recently closed due to lack of volunteers
and funding.

Annie’s Story

Annie’s story began in December of 2010, when late one afternoon she began to
experience an aching head and neck, and tightness of the scalp. Throughout the
evening, this developed into an unbearable and devastatingly painful headache.

This was unlike anything I had ever experienced before and I was totally unable to func-
tion. I thought maybe I had a brain tumour and felt like I was going to die. The pain was
so severe that I was terrified.

Over the course of the next day, unable to go to work, Annie continued to suffer
the terrible pain in her head which presented in bouts and seemed ceaselessly to
come and go. No amount of pain killers were helping to ease the pain:

I knew that these were not normal, run of the mill headaches. When you have a bad head-
ache or a migraine, lying still in a darkened room usually helps, but even though I was in
excruciating pain, I didn’t want to do that. It was strange, but I felt agitated and felt the
need to keep moving. I found that going outside and walking in the fresh air would help a
little when the attacks came on.

However, 48 hours later, desperate and unable to cope any longer, Annie admitted
herself to the local A&E unit. The consultant who saw Annie said it was likely to
be a migraine and prescribed some medication for migraine and strong painkill-
ers. He suggested she visit her GP if the pain was no better in 2 days’ time, and
discharged her. Over the course of the next 2 days, the medication had no effect
on Annie’s pain and she was still unable to attend work. Following the A&E
consultant’s instructions, she made an appointment to see her GP who did not
seem able to provide a diagnosis, but prescribed a different drug.

After the appointment, when I went to the chemist to collect my prescription, the phar-
macist was very concerned about the drug I had been prescribed. She asked me if I had
vertigo and I said no! She said that this drug was very strong and should only ever be
prescribed for vertigo and she advised me against taking it if I did not have vertigo. I felt
so annoyed with the GP for not explaining what she had prescribed to me, or even that
she had diagnosed me with vertigo! It was a total misdiagnosis which could have been
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dangerous had I taken the drugs prescribed, and I have never been back to that particular
GP since!

Annie continued to take pain killers but they were ineffective and 2 days after the
GP appointment, Annie was back in the same frightened place she had been 6 days
earlier.

Although it would ease off at times, it always came back and the pain just would not go
away. All I wanted was to make it stop and it seemed like no one was able to help. I was
really frightened. Something was obviously very wrong and so I went back to A&E. The
consultant I saw on this occasion did not think I had vertigo and I was told I would need
to have tests on my eyes. [ was also told that if my eye tests were clear, then I may poten-
tially have a brain tumour and the next course of action would be to investigate for this.
Although I was terrified, I felt as if something was happening towards getting a diagnosis
and this was reassuring in a funny kind of way.

The eye tests were carried out the next day and came up clear. Annie was then
instructed to return to her GP to be referred back to the hospital for further investi-
gative tests, this time for a brain tumour. The GP (this time a different one) agreed
to do this, but felt Annie may be suffering from neuralgia. A new drug was pre-
scribed which, after a brief Google search, Annie discovered was an anti-depres-
sant drug.

It turned out that this drug was also used as a pain relieving drug, but the GP had not
explained this to me. I just thought that she thought I was depressed, and so I was angry
that this had not been mentioned during the consultation. I became very scared again at
this point because I honestly thought she didn’t believe me. I thought if the GP thought I
was depressed, then perhaps she thought it was all psychological and perhaps imagined. It
was awful, I felt so helpless and not in control of the situation at all. I felt as if [ was at the
mercy of a load of supposedly health professionals who didn’t understand, weren’t listen-
ing and didn’t believe me... and all the while these attacks of pain were still happening to
me.

Annie’s experience at her next hospital appointment a few weeks later was better.
She underwent general tests under the care of a consultant whom she described as
being very good.

He explained to me really clearly all the tests that would be necessary. He explained that
there were three possible lines of investigation and that it was likely that I had either shin-
gles, a brain tumour or cluster headache. He was good, you know? He listened to me and
he understood that I didn’t have a migraine. He believed me. Even though he wasn’t sure
at that stage what was wrong with me, it made a difference.

During the time Annie was undergoing tests, she spent some time Googling cluster
headache. She discovered that there was very little information about the condition
but found some USA based web sites which she felt were of little help and in fact
increased her stress levels.

All the information was really dramatic and scary. It was all about people suffering from
cluster headaches killing themselves! It was very depressing and didn’t really help me
much. I am a practical person and needed good, sound information, not dramatic stories.
The lack of information and a diagnosis was so stressful. As well as all the hospital
tests, I had spent a fortune on drugs that were irrelevant. I had spent a lot on travel back
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and forth to hospitals for tests. I had also tried physiotherapy, acupuncture, dental and
optician consultations, none of which had helped. An ongoing cost like this was not sus-
tainable. I was fearful of how the costs would be covered if my job was lost due to ill
health.

Following an MRI scan, further tests and a very long wait, the diagnoses of shin-
gles and brain tumour were eliminated from the medical investigations. Annie was
told that the likely diagnosis was cluster headache and was referred back to her GP
for treatment, but this was a frustrating experience.

The GP had never heard of cluster headaches. She just wanted to give me migraine tab-
lets and insisted that’s all it was. It was a nightmare. I knew this would not work for me
because I had already gone down the migraine medication route at the very beginning of
the process when my symptoms started.

It was during this GP consultation however, that Annie was given a general infor-
mation sheet about conditions causing head pain. Further information resources
about head pain were provided at the end of this leaflet, and this gave details of the
web site of a UK based organisation called OUCH which Annie then visited.

This information seemed almost like just an afterthought at the end of the leaflet the GP
gave me. It wasn’t at all the focus of the main information on the leaflet that’s for sure.
But when I looked, the UK website was a lot better than some of the American ones I
had visited previously. It wasn’t full of dramatic stories about suicide and had some really
good, matter of fact information about cluster headache. I was able to identify better
with what I was reading on this site. There were even some really useful videos featuring
experts explaining cluster headache and real life stories from people who suffered with the
condition.

It was from reading the information provided by the UK OUCH site that Annie
came to learn that cluster headache was sometimes nicknamed ‘suicide headache’,
essentially because the pain experienced by those suffering with the condition and
the unpredictable nature of the episodes have been too unbearable for some to live
with. Annie telephoned OUCH UK.

It was amazing. I just kept telling them ‘my head hurts, it really hurts’, and ‘tell me how I
can make it stop’. It was the first time that someone acknowledged with complete under-
standing that, ‘yes it does hurt’ and ‘yes it is dreadful and unbearable’. I was so relieved.
It felt good to finally be listened to and believed. I cried a lot.

OUCH explained to Annie that cluster headache is uncommon and that at pre-
sent there is very little specialist knowledge or research on it. She was advised,
however, that there was treatment available and that they could help her, but that
she had to have a recognised diagnosis of cluster headache from a neurologist
in order to access that help. They gave her details of the nearest hospital with
an expert and explained that she should seek a referral from her GP to this par-
ticular consultant. With the diagnosis, they would be able to offer her treatment
options.
OUCH helped by giving me back control. They gave me a step-by-step course of action

and I felt like, “I know what to do now”. I felt empowered because at last I had the infor-
mation I needed to be able to really do something about it.
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On returning to the GP however, Annie experienced further barriers.

The GP told me that I didn’t need a referral. She said I just had a migraine. But this had
been going on for months! Who experiences a continuous migraine for months on end?!
Don’t get me wrong, she was really nice. She wasn’t rude or anything, but she just didn’t
believe me and simply didn’t understand. I tried to explain to her about the OUCH web
site which ironically she had given me the information about in the first place. I asked her
kindly if she would watch the video about cluster headache, but she didn’t watch it. It was
absolutely awful. I desperately needed the referral to the expert consultant in order to get
the help and treatment from OUCH but she just stood in my way. The GP made me feel
completely powerless. I felt as if I had lost control again.

Eventually, after considerable effort, Annie succeeded in getting the GP to provide
her with a referral; however, this was done as a non-urgent appointment, which
resulted in further months of waiting. Unfortunately, when the appointment came
through, it was not with the neurologist specialising in cluster headache that Annie
needed to see, but the GP was unsympathetic.

During these months of pain and anxiety, Annie had returned to work. Some
days she would experience no pain, whilst other days she would experience one
attack after another. The pain was impossibly unpredictable.

When I was diagnosed I was frightened, worried for my job. I didn’t know how it would
work on a practical level. When I would have an attack of cluster headaches, it was
frightening because it hurt so much and I didn’t know how to stop it, and I was being
denied the treatment I needed to help with this. I didn’t know when it would start or
stop, and it was really difficult some days at work. I can understand why they call it
suicide headache!

Annie worked for the NHS and had informed her employers that she had been
diagnosed with cluster headache.

Work was supportive but didn’t understand. Their attitude was just, ‘Oh, she gets bad
headaches’, but this isn’t headache you know? It’s a recognised condition that causes
headaches, but people just didn’t get it at all. I had to have an interview with the Human
Resources department and their advice to me was that I should not climb ladders. This
has never been part of my job description—I have a desk job! Even though everyone
was very nice about it, this was the level of understanding I was faced with.

Feeling that all avenues had been exhausted, she spoke to a colleague at work
about her need to see the expert neurologist and through contacts at work she
was finally able to get an appointment. She feels that she would never have
had this opportunity had she not worked for the NHS. 7 months after the ini-
tial onset of her cluster headaches, Annie finally was able to see the right
specialist.
I had to jump through various hoops which the Consultant said was routine. It was just
playing the game. All the usual tests, which both of us knew I didn’t really need had to be
done, and I had to have another MRI scan. The consultant said it was likely that I would
have to wait a while for the final diagnosis, and I heard nothing for months. It was a real
waiting game. I wish they could have just given me the information, you know? Even if |

didn’t have the actual letter in my hands with the diagnosis, it would have been nice to at
least know it was on the way. You shouldn’t have to fight so hard.

Eleven months from the onset of Annie’s cluster headaches she finally received
her official diagnosis from the specialist neurologist that OUCH had referred
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her to and was able to access the treatment and support she so desperately
needed.

It was the most incredible relief to finally have the official diagnosis. During all those
months trying to get a diagnosis, I had been able to seek out the relevant information
about cluster headache from OUCH, but now I was able to make an informed decision
about available drugs and treatment options. I was able to move on. It wasn’t so much,
‘what is wrong with me’ anymore, but more, ‘OK, so now how do I manage this con-
dition’. I needed different information now. OUCH was just invaluable, and as time has
gone on, I have learned how to cope on a practical level with my condition. I can’t put
anything off anymore, you know? In case I have an attack tomorrow.

On reflection, Annie felt that during her experience as a whole the GP was the
least useful information source, and OUCH the best.

You would assume you’d get the right information from the GP, but in actual fact, in the
early stages it was a Google search for cluster headache that got me there, and the OUCH
web site. But what about people without information access or skills? I can see why some
people might feel suicidal.

Annie now uses a support forum that is provided by OUCH for individuals with
cluster headache.

The support forum is really good but it only exists via the OUCH website. They do have
face-to-face meet ups around the country, but people with cluster headaches are not great
at meeting up because of the headaches! I worry because OUCH doesn’t have secure
funding. It is a charitable organisation and there is no certainty that it will always survive.
I do not see a positive if OUCH were to close. It is the only organisation that exists to pro-
vide support and information for people like me.

Discussion

Annie’s experience highlights some interesting issues which have a direct impact
on information literacy. These are particularly concerned with the apparent lack of
information on rare and difficult-to-diagnose conditions, and lack of appropriate
professional knowledge and expertise.

Lack of Information in Rare Diseases

Patients rely heavily on health professionals as an information source (Carpenter
et al. 2011; Kuehn 2011; Cegala et al. 2008; Sen and Spring 2013). In a study
about patient satisfaction regarding online health information seeking amongst
cancer patients, Tustin (2010) found that those who were satisfied with the care
and quality of communication they received from their physician were less
reliant on the internet for information about their condition. Although Annie
believed that the health professionals would be the best information resource,
this was not her overall experience. Annie’s initial difficulty was a lack of
information in so far as she was unable to obtain a correct diagnosis. This was
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exacerbated by poor communication and information transfer between the health
professionals and herself. This happened on a number of occasions, initially
when Annie was prescribed a drug for vertigo but did not have this explained
to her by the GP, and again when she was prescribed a drug for depression. Had
the doctor provided clarification about the different uses of the drug, it is likely
that Annie would have had less cause for concern and would have understood
that the doctor was simply trying Annie with a different kind of painkiller. The
consequences of not providing this information led to anger, and heightened fear
and anxiety for Annie who felt she was not being believed and that no one could
help her.

The approach by health professionals to the diagnosis of health conditions is
described by Beale as the difference between horses and zebras, “If you hear hoof
beats, think horses, not zebras” meaning that most disease states are common
ones, and most patients are typical, i.e. they are ‘horses’” (2011, p 312). Routine
lines of inquiry are followed initially which is why people suffering from rare con-
ditions often go for considerable lengths of time before a diagnosis is arrived at.
Beale identifies that, like Annie, ‘zebra’ patients tend to bounce from specialist to
specialist until all of the familiar possibilities are exhausted, at which point the GP
is likely to throw their hands in the air and shift the focus of discussion away from
diagnosis and cure to symptom control and pain management. Providing informa-
tion support to a patient without a diagnosis is however, problematic and this was
evident in the case of Annie whose GP, lost for diagnosis, was only able to provide
a generic information leaflet about types of headache. Lewis et al. (2010) identify
that health professionals have a routine approach to information support and this is
a particular concern when patients with rare or difficult-to-diagnose conditions are
the information recipient. There is often little known about rare diseases and they
are not well understood. The rarity of their nature often means they are not priori-
tised for research, resulting in a lack of information or an evidence base, and poor
media exposure (Carpenter et al. 2011). Therefore, without a diagnosis the giving
of incorrect information is likely, but with a rare diagnosis, a lack of information is
also likely.

Pre-diagnosis and at the early onset of her cluster headaches, Annie was
keen to find out what was wrong with her. Unable to obtain clear information
from the health professionals, like many, Annie turned to the internet. Arora et
al. (2008) observe that the online experiences of patients seeking information
about their condition are often confusing, frustrating and negative. Although
Annie herself was a well-educated, information literate person with good
access to information sources such as the internet and appropriate skills to
search it, she was unable to exploit that resource effectively because without
a diagnosis, she did not know what to search for. She was void of keywords. A
keyword like ‘heachache’ is too broad a search term to find appropriate infor-
mation with. In a survey based research study on information use by patients
with prostate cancer (Cegala et al. 2008), a sharp increase in use of the inter-
net for health information was observed after the patients had been diagnosed,
whilst pre-diagnosis internet access levels were very low. This suggests that
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patients are not always able to search effectively for information until they
have a clear diagnosis.

This can also be an issue for health professionals. In a study carried out by
Tang and Ng (2006, p 1143), they identify that ‘everything could be found on the
web if only one knew the correct search terms’. They also suggest that the effi-
ciency of a search and usefulness of the information retrieved is often depend-
ent on the knowledge base of the person searching. Therefore patients searching
Google are less likely to find a diagnosis for themselves than a ‘human expert’
(e.g. a doctor) because the doctor is likely to have a better knowledge base to sup-
port the selecting of relevant documents. In their research Tang and Ng attempted
to use Google to diagnose medical conditions and concluded that Google was
more likely to be effective for conditions with unique signs and symptoms that
could easily be translated into search terms. They also suggest that ‘searches are
less likely to be successful on complex diseases with non-specific symptoms or
common diseases with rare presentations’ (p 1144). From a patient perspective,
this was certainly a reality for Annie, who was suffering from an uncommon and
complex condition, but which presented on the surface as a common ‘headache’.
The indexing of terms in medical databases can also present challenges for those
searching for literature on rare conditions. Beales (2011) for instance, notes that
the rare condition Sicca Syndrome is associated with another condition called
Sjogren Syndrome, however, both are distinctly different. The misinterpretation in
MeSH makes searches for Sicca more challenging.

In a response to the research by Ng and Tang, a senior house officer shared
her experience of using Google to diagnose a patient who was expelling purple
urine into her catheter bag (Butcher 2006). This was a phenomenon the SHO
had not seen before, and a search using the keywords ‘purple urine’ in Google
produced information on a rare syndrome called Purple Urine Bag Syndrome
(PUBS) affecting chronically catheterised or constipated women who have
alkaline urine or a urinary tract infection. She agreed with Tang and Ng that
Googling can be useful for diagnosing on unusual symptoms, or rarer and
eponymous syndromes doctors may not come across on a regular basis, and
confesses that she felt it unlikely she would have found the diagnosis through
conventional book searches in which common diseases can be easily found,
but rarer one less so.

Indeed, it may be easier to identify keywords for medical conditions presenting
in a very unique way, and once Annie had been given the term ‘cluster headache’
as a potential diagnosis in the early stages of her tests, she was able to conduct
much more fruitful searches because she had the right keywords. The initial lack
of information created high anxiety levels for Annie, but with the right informa-
tion she was empowered and was able to take action. This is noted by Draucker
(1991) and Carpenter (2011), who state that for patients, obtaining information
increases a sense of control over their condition and gives them good ‘information
health’ Spring and Sen (2013). For those with rare or difficult-to-diagnose condi-
tions however, the issues of obtaining that information can be more difficult due to
the issues highlighted here.
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Information Access and Behaviour in Rare Diseases

The study by Tustin (2010) which found patients were less likely to use the internet
for information if they were happy with the care they received from their physician
reveals some interesting issues around information literacy in healthcare. The first
of these is the extent to which people have appropriate skills to access information.
Physicians are generally ranked as one of the most preferred and trusted informa-
tion sources (Carpenter et al. 2011; Kuehn 2011) but when this fails, their patients
tend to refer to other sources. Research by Tustin (2010) and Carpenter et al. (2011)
observed that younger people and those with higher levels of education have a
greater tendency to seek out healthcare information than older people and those with
less education, and lack of skills may arguably be related to this. A certain level of
information literacy is necessary in order to access web based information and a lack
of skills can lead to inequalities in access to information.

From the perspective of the health professional, information literacy skills
can also be a concern. Beales (2011) notes that health professionals often do
not have the time or skills to search the medical literature. Furthermore, Beales
observes that health professionals often do not recognise what they do not know,
advising that this can be ‘to the detriment of all, including the physician who
continues to practice with a blind spot which affects their clinical competence
and performance (p 313). Indeed, this was evident in the experience of Annie
who was unable to convince her GP of the existence of cluster headaches.

Information skills might be one issue, but choice of information source is
another. In common or easily diagnosed conditions the health professional is often
a key information source for patients, but in rare or uncommon conditions this is
not a common reality. In the case of such conditions, in the absence of literature or
specialist physicians, those with the rare condition, their carers, friends and fam-
ily members are often a more knowledgeable and a heavily exploited resource for
health information. This is essentially because this group of individuals possess
a lived experience of the condition and through this, have learned about its pecu-
liarities and how to cope with its effects. In time, this group of individuals often
become ‘information donors’ (Spring and Sen 2013) or ‘expert patients’ (NHS
Choices 2013), able to advise others with the condition, and even health profes-
sionals in aspects of the disease. The dissemination of experiences and knowledge
through charitable support groups and organisations, peer/social networks such as
Twitter and Facebook, and personal blogs can therefore be a vital source of infor-
mation and support for others who also have the condition. This again is reflected
in the experience of Annie who found OUCH to be the information lifeline she
needed. Indeed, in their study of patients with the rare disease vasculitis, Carpenter
et al. (2011) found that both physicians and the internet were considered to be the
most credible information sources, and also specialist organisations such as the
Vasculitis Foundation.

These communities of support can be accessed through various methods,
although the internet is a common approach. Web 2.0 has been revolutionary in
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connecting people in time and space from all four corners of the globe. Kuehn
(2011) observed from her small study that people with health conditions and their
friends and family are using web based communities for emotional support. Whilst
the idea of support groups is not a new concept, the internet has provided new
opportunities for this form of interaction, helping to widen the circle, and creat-
ing a 247 environment in which people can access information. Kuehn also com-
ments on accounts given by those with rare diseases who have found particular
value in being able to access the experiences and first-hand accounts of others with
the same condition. The shared knowledge that information mediums such as this
provide are noted as being particularly useful for patients with rare diseases who
would otherwise have to travel to meet others with the same condition. In the case
of rare diseases, the potential for open access sources such as Wikipedia (which
have received criticism and accusations of inaccuracy) have greater power in pro-
viding a more accurate information source due to the small levels of high expertise
often associated with rare diseases.

Inequalities in health related information access remain a concern, with those
who are older, in lower socio economic groupings, and with lower education levels
being disadvantaged. Certainly, in the case of Annie, her education, skills and
access to individuals within the NHS through her employment were key elements
in her achievement of a final diagnosis. She admits that without this she would
probably still be without the diagnosis, and this highlights the inequalities which
exist in access to information.

It should also be acknowledged that support groups and specialist organisations
provide a highly valued source of information for those with rare diseases, but are
comprised of those who already have a diagnosis. Therefore those without a diag-
nosis, which in the case of a rare disease can take considerable lengths of time to
attain, can continue to face barriers in accessing appropriate information.

Future Development for Information Literacy
in Rare Diseases

At present, there are some ideas and pockets of activity linked to tackling aspects
associated with information literacy in rare diseases, but they are generally unco-
ordinated. In the UK, the Department of Health has published a plan for rare
diseases (Department of Health 2012) which recommends the use of specialist
centres to make diagnoses, improved co-ordination in the care of patients with
rare diseases and appropriate training for health professionals in recognising the
possibility of a rare disease. It is arguable that better development and support of
information literacy is a key aspect of this. In France an equivalent plan exists (de
la sante 2006), which acknowledges recognition that there is a lack of information
on rare diseases and recommends that centres of reference are established to tackle
this. In the USA the National Organisation of Rare Disorders has been established
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and aims to identify, treat and cure rare disorders through programs of education,
advocacy, research and service (Kostrzewski and Baker 2000).

For physicians and health professionals, health and medical librarians have also
been highlighted as key information sources. Beales (2011) for instance, suggests
that there is an opportunity for librarians to apply broad based search strategies to
identify unusual causes of common symptom clusters and publish them for use by
clinicians. Elsewhere in the literature, Johnson (2007) has discussed the value in
developing a database on all aspects of thalidomide damage including specialist
information and care pathways, and this could act as a resource for both thalido-
mide sufferers and health professionals treating cases.

Conclusion

Using a case study, this chapter has highlighted some of the key issues that exist
around information literacy in rare diseases. In particular, barriers to information
associated with skills, socio-economic status, age, lack of diagnosis, and lack of
information have been highlighted. It remains a reality that whilst in healthcare
more generally there is information overload, the opposite remains true for rare
diseases. As a consequence of this, Web 2.0 has become an invaluable and a strong
source of information support to those living with rare or orphan diseases. For
those with a rare condition, informed individuals often take the place of web sites
containing more traditional forms of literature and patient information and advice.
In current times, whilst healthcare approaches to rare and orphan diseases remain
largely uncoordinated, and when the expertise of health professionals is lacking,
social networks, blogs, and virtual communities of support prevail as the funda-
mental information resource for those with rare diseases.
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Social Media and Engaging with
Health Providers

Hugh Stephens

Good things happen to those who hustle
ANAIS NIN

Abstract Social media offers considerable opportunities for patients and cli-
nicians to engage and collaborate across geographic borders for clinical care,
research and patient support. While social media use in healthcare is currently
in its infancy, there is enormous potential for applications dedicated to accessing
health information, specialist clinical knowledge and participating in the latest
research initiatives. These benefits are amplified for patients and clinicians who
are geographically dispersed, such as those working in the field of rare and orphan
diseases. Different applications of these tools emerge frequently and technological
developments will provide increasingly better platforms for patients and clinicians
to collaborate and engage to improve health outcomes.

Background

Although “social media” is a term that has come to prominence only recently, the
internet has arguably had “social” functionality since the early 1990s, including bul-
letin boards, Internet Relay Chat (IRC) public chat rooms and blog platforms such as
LiveJournal (launched in 1999). The term ‘“‘social media” has been most commonly
applied in recent times to sites such as Facebook or Twitter and has defined platforms
that allow individuals to use the internet to facilitate conversations (Solis 2010). This
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includes other social platforms such as web forums or blogs that have been in use for
health purposes for many years. Within the definition of social media we include plat-
forms such as Facebook, Twitter, YouTube and Pinterest, along with mediums such as
blogging, infographics, real-time chat and asynchronous conversation (regardless of
platform). Although the popularity of an individual platform inevitably changes over
time as the online zeitgeist evolves, health has been a driver of social media activity
for many years (Ferguson and Frydman 2004).

The Current Role of Social Media

Social media has been used for healthcare purposes within four key areas:

1. Personal updates from patients to friends and family: using social media
to keep friends or family up-to-date with a patient’s current status or
location.

2. Patients engaging with other non-health-professional stakeholders: for example
patient or caregiver communities. The most obvious example of this is online
support groups for rare diseases—where there are not enough patients in a local
physical community to form a support group.

3. Patients engaging with health professionals, in either a professional or (contro-
versially) personal capacity.

4. Health professionals engaging with other health professionals (such as for pro-
fessional development)

Within these four areas, the first and second have been the primary drivers of
healthcare social media up to this point (Kim and Chung 2007). Multiple studies
(Kim and Chung 2001; Gauld and Williams 2009; Weingart et al. 2006) have iden-
tified the reasons behind patients using social media platforms, with the main pur-
poses of social media use being:

1. Sharing a story or narrative of care or experience of a condition.

2. Searching for or providing information (including research) about research or
experience to improve their own or others’ care.

3. Accessing more detailed information after consultation with a healthcare
provider.

4. As a coping mechanism in chronic or terminal disease through engaging with
other patients, families or stakeholders via an online platform.

For those with rare diseases (or the families, caregivers or friends of those with
an rare disease) social media can play a pivotal role in changing patient or stake-
holder experiences of a rare condition. Little research has currently been con-
ducted into the use of social media for rare diseases, instead focussing on patients
as a whole or specific groups of patients with more common conditions, such as
cancers (Ofran et al. 2012). In a 2010 study (Orizio et al. 2010), most (57 %) of
the social networks identified were for multiple diseases (e.g. PatientsLikeMe)
while others such as Diabetes Sisters were for only one disease.
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As the number and nature of health-oriented social media platforms change and
multiply over time, it is likely that there will continue to be more dedicated sites
to individual diseases (such as rare diseases) or populations (such as those caring
for someone with an rare disease). In contrast, health professionals have been very
slow to adopt web 2.0 or social media technologies to engage with patients, pre-
dominantly citing concerns about privacy, security, confidentiality and appropriate
physician-patient boundaries (Lupidfiez-Villanueva et al. 2009).

Benefits of Social Media Use

Social media can be highly beneficial for all those involved in rare diseases: from
the individual patient and their friends or family, through to clinicians who are part
of their ongoing care and researchers interested in the disease. The ability for web
and social media tools to decrease the “effective distance” between patients and
specialist clinicians and researchers is still being developed and new platforms and
applications emerge almost daily. The emergence of video consultation platforms
and improved internet speeds worldwide support this phenomenon to grow over
time (Deloitte Development LLC 2012).

For those who have a rare disease (or are close to someone who does), social
media provides a way to instantly tap into a community of others with similar
experiences and produce a network who may provide emotional, clinical, knowl-
edge or even financial support. Breaking down these barriers further is the ability
for interactions to be anonymous or pseudonymous, ensuring that potential risks
such as confidentiality breaches are mitigated and both sides of the communica-
tion are comfortable.

Discussion

Initial internet platforms for patients to engage with health providers were for allow-
ing access to patient information, typically as part of a ‘patient portal’ (Weingart
et al. 2006; Bergman et al. 2008; Ginossar 2008; Kuhn 2008). This access included
patient data, pathology or laboratory results, prescriptions, appointment history,
referral documentation and (later) secure messaging with health providers.

Using Social Media to Access Patient Health Information

These early platforms [the precursors to patient-controlled electronic health
records (PCEHRSs)] provided patients with the capacity to access and inter-
pret their own healthcare information and have since received hesitant but
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positive reception from patients (Bergman et al. 2008) alongside concerns of
confidentiality. It is anticipated that over time patient access to their own data
through such a secure platform will increase in frequency. Public platforms
(most notably PatientsLikeMe) have emerged that provide patients with the abil-
ity to share personal health data (Frost and Massagli 2008). These communities
often involve patient groups sharing and exchanging information about disease-
specific symptoms, treatment protocols and outcomes. These platforms can pro-
vide a very powerful research database for those looking to investigate large
numbers of patients or those with rarer diseases (discussed later). One challenge
of such communities is the spread of misinformation or non-evidence-based
health advice (Chafe et al. 2011; Jacobs and Popick 2012), which physicians
identify as a barrier to them recommending the use of these platforms by some
patients (Ahmad et al. 2006).

Using Social Media to Access Specialist Knowledge
or Information

Social networking platforms also facilitate the sharing of knowledge and informa-
tion about the latest research findings and developments in patient care (Weingart
et al. 2006). This is particularly the case for rare or orphan diseases where patients
are often in different locations to healthcare specialists (Tjora et al. 2005), or when
patients (or their families) have used social media to connect with and find more
information about each other (Kim and Chung 2007). The greatest identified chal-
lenge for the use of social media to access knowledge or information is that of
authenticity and reliability of information. The internet does not have established
protocols or mechanisms to adequately communicate the credibility of a particu-
lar source. Many physicians believe that internet-based information misinforms
patients, and thus require them to take on an additional role as the interpreter of
this data on behalf of or in conjunction with the patient (Ahmad et al. 2006). But
patients identify the consultation as the time for them to present this information
and feel more empowered and informed about managing their care (Sommerhalder
et al. 2009), suggesting that this role as an interpreter is likely to continue to grow
for many practitioners.

Using Social Media to Join or Facilitate Research

Another common use of social media is to connect patients with the latest research
initiatives or clinical trials (Terry 2009). When there are a small group of patients
over geographically diverse areas (as is often the case with rare diseases), social
media can provide the connection to both recruit and engage patients and research-
ers in disease or treatment research. Combining platforms designed specifically
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to connect researchers with patients and patient health record sites-as discussed
previously-is a powerful way of providing a valuable service to patients (ability to
access their health information easily) with the capacity to rapidly identify patient
populations for research, particularly in rarer diseases or disease states. Ultimately
tools such as these will improve the care for these patients and increase the ability
and ease for researchers to recruit patients with rare diseases.

Issues Resulting From Social Media Use with
Health Providers

While the benefits of social media are numerous and diverse, there are still a range
of issues that have limited its adoption. As with all healthcare communications,
confidentiality and privacy are paramount to ensure that the audience of health
information is well defined. Patients and providers alike should ensure that they
are aware of the level of access available to others when posting, discussing or
providing health information online.

There are additional concerns about the ethics of using online information as
part of healthcare and its impact on personal and professional boundaries both
on behalf of the physician and patient (Clinton et al. 2010). Information online
may assist clinicians in providing care, such as the experiences from patient blogs
or diaries; or the latest reactions experienced by the patient and updated through
platforms like Twitter or Facebook. But should a clinician actively search for
this information, or only read it when a patient provides them with it? Given that
health professionals are typically time-poor, large amounts of information and
social media data may prove challenging to integrate into most patients’ care.

These potential risks of social media need to be balanced with the benefits
that the tools provide for patients and clinicians alike. Ultimately, every patient
and clinician is different, and what may work for one clinical relationship will not
work for others. It is necessary for patients, their families and clinicians to work
together to identify the most appropriate channel(s) in which to discuss care.

The Future Roles of Social Media

Connecting Patients with the Best Providers
Regardless of Location

As has been identified, social media has a powerful ability to break down geographic
barriers, allowing patients to access specialist care from anywhere. This allows those
working with rare diseases greater access to thought and research leaders across the
world. Tools such as video conferencing are already coming into everyday practice
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(Deloitte Development LLC 2012) but currently have diagnostic and investigative
limitations as the ‘physical touch’, a core part of examination and the patient-physi-
cian relationship, cannot be transmitted.

This will undoubtedly change over time, with new technologies (‘virtual clin-
ics’) and methods developed to maximise the ability of specialists to access patients
without requiring significant travel or expense. Social media can provide two-way
conversations between clinicians and patients, with the capability to respond to
basic questions, connect patient groups or ensure appropriate follow-up form a visit.

Coordinating Complex Care and Multidisciplinary Teams

The increasing use of Enterprise Social Networks (ESNs) in the corporate world to
allow employees to collaborate in a closed environment paints a promising picture
of the future of collaboration in healthcare. Patients with multidisciplinary care
teams or complex requirements often suffer from a lack of coordination and col-
laboration between professionals involved in their treatment, and these tools may
provide a centralised platform to engage the clinical team in the care of a patient.
This may be independent of the patient, or with them also contributing to the dis-
cussion and collaboration. Such coordination could occur on a dedicated platform
(i.e. an ESN) or use existing platforms such as Facebook, Sermo (a physician-only
network) or Twitter, depending on what platforms the care team actively use. This
increased collaboration could result in less task duplication, faster communica-
tion between members of a multidisciplinary team (including those in different
geographic areas), improved access for researchers to the clinical team and, ulti-
mately, improved patient outcomes.

Conclusion

The use of social media has increased recently, particularly after Facebook became a
popular platform for engaging with friends, brands and professionals (such as clini-
cians) alike. The role of social media in physician, patient and researcher relation-
ships is still being developed and will continue to change over time. Those working
with or suffering from rare disease will benefit significantly from these platforms,
particularly due to their ability to reduce geographic barriers. Social media can be
used to increase access to patient information across multiple clinical relationships,
to access knowledge or information, and for research purposes. Future developments
in internet access, technology changes and more dedicated platforms for using social
media in care will continue to allow patients and clinicians alike to innovate, inte-
grate and discover new ways to connect and collaborate.
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Vignette: Hope—Overcoming Fabry
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I was born on June 12, 1958 and as the youngest of three boys, my upbringing
in Edmonton, Alberta, Canada, was typical of the many young immigrant fami-
lies who came from Europe in the early 1950s. There was a focus on Christian
values and any challenge in life was resolved by a strong work ethic without com-
plaint. After graduating high school where I excelled in mathematics and physics,
I entered university and studied civil engineering.

In 1979 during my last year of university, I met Marlene. I graduated in the
spring of 1980, ready to conquer the world. She joined me as I relocated to Port
Alberni, British Columbia on a beautiful Vancouver Island where I took a job as
a project engineer in the pulp and paper industry. Our goal from the start was to
work hard, save money, have a family and retire financially independent at the age
of 55.

After working as a professional engineer and project manager for 17 years
in both Canada and the USA, I wanted to relocate to Indonesia in order to get
some international experience and make lots of money. However I landed up back
in Edmonton instead. I grew up in Edmonton and left nearly 20 years prior as
a young man with a great deal of baggage that I had left behind. You know the
kind of stuff that comes with growing up in a certain place and then leaving it all
behind as a young adult.

I continued to dedicate my energy into my career and within a year got a much
better job with more responsibility, money etc. I was working 60 h a week and
deep down in my heart knew life was a challenge trying to balance work, family,
church, God, time and all the other pressures of life.

Then in January 2001 after thinking I either had the stomach flu or diabetes, I
went to my family physician. In a matter of a few days, I was informed that my
kidneys were nearly shutdown, that my heart was severely damaged and I could
suffer a stroke at any moment! As a result of the kidney biopsy, I was diagnosed
with Fabry disease.

Fabry disease is a very rare genetic life-threatening lysosomal storage disor-
der. There is a genetic defect in the X chromosome which causes an insufficient
volume of alpha-galactosidase A (alpha-gal A) enzyme, allowing sugars and fatty
acids, globotriaosylceramide (GL-3) to accumulate in the lysosome of each and
every cell in the body. For unknown reasons, the GL-3 accumulation can cause
kidney failure, cardiomyopathy in the left ventricle often leading to a heart attack,
as well as strokes, hearing and balance loss and severe diarrhea. Other symptoms
at an early age cause extreme pain in the hands and feet, inability to sweat, cor-
nea swirling in the eyes and spots on the body called angiocharatomas. Average
life expectancy for males is between 40-50 years of age. It is considered an ultra
orphan disease with a frequency as low as 1 in 117,000 people. As such it is very
difficult to diagnose.

I was 43 back then and was told that I would probably not make it to 50. After
researching our family medical history, we learned that the longest any of my rela-
tives lived with this disease was 48! Wow what a shock! It seemed that God was
telling me, “Oh what a fool you are! Why are you not trusting and focused on me
alone. Forget your goal of freedom 55! You probably will not be alive at 50!”.
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Because it is inherited, all of my family had to be tested. We discovered that my
mother and one of my brothers also had Fabry. My mother inherited Fabry from
her mother who died at the early age of 32. Moreover, the worst part was discover-
ing that there was no treatment or cure.

I was now very sick, weak and no longer able to work. I had a sample of
blood sent to the Mount Sinai School of Medicine in New York City to confirm
my Fabry disease and also to participate in a new clinical study that a company
called Genzyme was doing to test the effectiveness of Fabrazyme, an enzyme
replacement therapy (ERT). I found out I was too sick and did not qualify. After
some advocacy and media campaigning, my request to begin compassionate use
of Fabrazyme was approved by the government of Canada. ERT is administered
every two weeks intravenously and my first infusion was May 28, 2001. There
were 3 other Fabry patients who all had their infusions in the same hospital room
at the same time. Over the next 7 years we bonded, encouraged and supported
each other. We knew we were not alone.

Being diagnosed with Fabry answered many questions that I had about my
health challenges, especially as a child. I remembered suffering with extreme pain
in my hands and feet when playing sports or games especially during the hot sum-
mer months. I could never gain any weight and was tall and very slim, caused by
poor food absorption. I could never sweat. I had some red spots on my body that
nobody else seemed to have.

Dialysis is another story. I was traumatized by a hemodialysis unit visit and
without knowing it chose peritoneal dialysis. A catheter is surgically installed
in the peritoneal cavity which is the sack in which all of the organs are located.
Dialysis fluid is then exchanged four times a day. Through osmosis the fluid
removes contaminates which your kidneys are supposed to remove. We set up a
room in our home for PD and it is a challenge to keep everything sterile to avoid
a serious infection called peritonitis. After a few months of dialysis and ERT, 1
returned to work with a new normal. Then in October of 2001, I had a live donor
kidney transplant. After a slow 6-month recovery I was able to return to work. I
felt resurrected and had been given another chance! I continued to receive ERT on
a compassionate basis.

Unfortunately tragedy struck again in August 2003. I suffered a stroke which
caused significant hearing and balance loss. As a result I was no longer able to
work. In 2007, two weeks before my eldest son’s wedding, I suffered what I
thought was a heart attack. Then between 2008 and 2009, in order to gain some
weight I was put on Total Parenteral Nutrition (TPN), an intravenous feeding pro-
gram. It was very successful. In addition to this I had some medication changes
which helped. I have also suffered from a very serious blood infection, took part in
a three month cardio rehabilitation program and had an implantable cardioverter-
defibrillator (ICD) installed to help my heart. I learned to enjoy each day.

Living with Fabry has been very challenging for me and my family, although
we were also blessed because of it. Over time, we met together and separately
with counselors, psychologists, psychiatrists, pastors, friends and support groups.
After all, death was staring me in the face. It affected each of us in different ways.
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I recall one of the first counselors I met who also happened to have kidney fail-
ure. He shared his experiences with me and encouraged me. He taught me that the
only thing in my control is my attitude. I remember leaving and thinking that I had
to choose a positive attitude and to count my many blessings.

I eventually realized that my focus on securing enough money was a direct
result of my lack of self-worth, fear, anxiety and worry, which caused severe
anger. I took an anger management course and with the help of many people, over-
came much of my fear, worry and anxiety.

Accessing ERT in Canada was, and remains a challenge. Back in 2003 another
Fabry patient and I started a patient network which eventually grew into the
Canadian Fabry Association. I was elected the first president and our focus was
on accessing ERT. In 2004, both ERT treatments, Fabrazyme™ & Replagal™,
were approved for use in Canada but not funded by the provincial governments,
as the cost of approximately $250,000 per year per patient was deemed not cost
effective. It was a matter of educating politicians and other stakeholders through-
out Canada. In 2006 an agreement between the manufactures of ERT and both the
provincial and federal governments was finally reached. The agreement expired
in 2009 and to a limited extent was renewed until 2012. Last year the agreement
was extended by another year. The objectives of the CFA remain to provide hope
and encouragement, not only to deal with physical aspects of Fabry but the psy-
chological, social and mental trauma associated with living with a life-threatening
genetic disease.

In 2005 Marlene and I, together with 3 others founded the Fabry International
Network (FIN) in the Netherlands. The mission of FIN is to be a global, independ-
ent network of Fabry patient associations whose purpose is to collaborate, commu-
nicate and promote best practice to support those affected by Fabry disease. FIN’s
vision is of a world where every person affected by Fabry disease has the best
quality of life possible through early diagnosis, treatment and cure. There are cur-
rently over 23 organizations and countries represented.

The future is bright for people living with Fabry. There is an oral treatment cur-
rently being tested as well as gene therapy. Gene therapy is a ‘cure’ to treat at the
genetic level, to deliver a correct copy of the a-gal A gene to cells to produce a
‘normal’ enzyme level. In fact testing on humans has now begun.

Marlene says that I am 5 years past my expiry date. We laugh a lot and love
life. I live as best as I can and live day by day. It has now been over 11 years since
my kidney transplant. We give thanks for all of our blessings and our life and give
thanks to God our Father and the Lord Jesus Christ. We believe that because He
was raised from the dead at Easter, we have nothing to fear. Not even Fabry dis-
ease or death itself. I have been privileged to have celebrated many life events and
hope I can live to see many more.

Many lessons have been learned since 2001, some of which I have already
described. Don’t sweat the small stuff. Life is a choice! It is hard to be stressed
when you’re feeling so blessed. And most important, if I can go pee in the morning
I know I am going to have a great day!



Empowering the Rare Disease Community:
Thirty Years of Progress

Jason R. Barron

Today is only one day in all the days that will ever be. But what
will happen in all the other days that ever come can depend on
what you do today.

ERNEST HEMINGWAY (For Whom the Bell Tolls)

Abstract This chapter outlines the efforts over the last 30 years of the National
Organization for Rare Disorders (NORD) in the United States. The non-profit
organization aims to support individuals with rare diseases by advocating and
funding research, education, and networking amongst service providers. The chap-
ter introduces NORD, presents its progress and milestones over the past thirty
years. We conclude by looking to the future of rare diseases and associated orphan
drug development.

Introduction

NORD’s vision and guiding principles on which its advocacy initiatives are based
are: (a) a national (U.S.) awareness and recognition of the challenges faced by
people living with rare diseases and the associated costs to society; (b) a nation
where people with rare diseases can secure access to diagnostics and therapies
that extend and improve their lives, (c) a social, political, and financial culture
of innovation that supports both the basic and translational research necessary
to create diagnostic tests and therapies for all rare disorders and (d) a regulatory
environment that encourages development and timely approval of safe and effec-
tive diagnostics and treatments for patients with rare diseases. NORD is a unique
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federation of voluntary health organizations dedicated to helping people with rare
“orphan” diseases and assisting the organizations that serve them. NORD is com-
mitted to the identification, treatment, and cure of rare disorders through programs
of education, advocacy, research, and service. In the decade before 1983, only 10
new treatments were brought to market solely by industry for diseases that today
would be defined as rare. The problem was receiving little attention. Research dol-
lars and expertise were targeted to the development of blockbuster products for
common diseases.

Serendipitous Awareness

Leaders of rare-disease patient organizations began to realize that there were
certain problems their patients and families shared which were common to all
people with rare diseases. As a result, they raised their voices together, calling
for national legislation to encourage the development of treatments for rare dis-
eases. A small story in the LA Times led to an episode on a popular TV show,
Quincy ME. Letters began to arrive from people all over the nation who had
rare diseases and thought they were alone in their struggles. It became apparent
that, while each disease may be rare, these diseases affect millions of Americans
when considered together. The ultimate result was the enactment of legislation
known as the Orphan Drug Act, and the patient leaders who had worked to bring
national recognition to the problem founded NORD as an umbrella organization
to represent the rare disease community. Today, NORD provides information,
advocacy, research, and patient services to help all patients and families affected
by rare diseases.

NORD Programs and Services

NORD serves all stakeholders in the rare disease community, including patients
and their families, patient organizations, researchers, medical professionals, and
companies developing orphan products. NORD works closely with many govern-
ment agencies, most notably the National Institutes of Health (NIH) and the Food
and Drug Administration (FDA). All NORD programs are focused on one ultimate
goal: to improve the lives of individuals and families affected by rare diseases.

Education

NORD provides information about rare diseases through its publications, web-
site, and other educational offerings. One of its most important resources is the



Empowering the Rare Disease Community: Thirty Years of Progress 129

Rare Disease Database, a compendium of 1,200 rare disease reports developed
for patients and their families that includes information on symptoms, causes,
treatments, clinical trials, and links to other sources of help. NORD also pub-
lishes a small collection of physician’s booklets on selected rare diseases. Each
year, NORD responds to hundreds of thousands of telephone, mail, and email
inquiries from individuals, families, teachers, social workers, and medical
professionals.

Patient Advocacy and Mentorship Programs

NORD works collaboratively with its growing roster of member organiza-
tions, over 200 organizations at present, representing them at several large
medical meetings each year and providing opportunities for them to join
NORD in advocacy on behalf of their members. NORD also provides men-
toring services to assist in the establishment and growth of disease-specific
organizations.

Research Grant Program

Through its research program, NORD provides seed money in small grants to
academic scientists. If these studies produce promising data, the researchers may
go on to obtain government grants or commercial sponsorship that, ultimately,
could lead to new diagnostics or treatments for rare diseases. Research grants
are awarded to scientists following a competitive proposal process. Awards are
made in consultation with NORD’s Medical Advisory Committee.

Medical Assistance Programs

NORD partners with pharmaceutical and biotechnology companies to ensure that
certain vital medications are available to uninsured or under-insured individuals.
NORD?’s programs have set the standard for fairness, equity, and unbiased eligibil-
ity and earned high marks from patient communities, pharmaceutical companies,
healthcare professionals, government officials, and the public. NORD also admin-
isters co-pay assistance programs for people who can’t afford their insurance co-
pays; early access programs that, following FDA guidelines, allow patients with
serious or life-threatening diseases to access investigational products under certain
conditions; and travel assistance programs, since patients with rare diseases often
must travel great distances to participate in clinical trials or to see a specialist in
their disease.



130 J. R. Barron

International Education and Advocacy

Recognizing that rare diseases are a global public health challenge, NORD has
entered into a strategic partnership with the European Organization for Rare
Diseases (EURORDIS). NORD also has a Memorandum of Understanding with
the Japan Patients Association, enacted in January 2013, to connect patients and
patient organizations in the U.S. and Japan. In addition, NORD and the Canadian
Organization for Rare Disorders (CORD) are exploring ways to work together
more closely to benefit rare disease patients and patient organizations. In addition
to these formal affiliations, NORD works in partnership with patient advocacy
groups around the world on initiatives such as the annual global Rare Disease Day.

Thirty Years of Progress

Patient advocates played a key role in Congressional approval of the Orphan Drug
Act. In the decade before 1983, only 10 new products had been solely developed
by the pharmaceutical industry for rare diseases. The Orphan Drug Act would pro-
vide financial incentives to encourage companies to develop treatments for small
patient populations. However, it was stalled in Congress until Abbey Meyers and
other representatives of patient organizations formed a coalition to get the leg-
islation approved. It was not an easy task, and it involved learning to work with
Congress, the media and, most importantly, each other, but the patient advocates
did their job well and the legislation was approved by Congress and signed by
President Ronald Reagan on January 4, 1983. Shortly afterward, the patient lead-
ers held a meeting at which they decided to continue their partnership through an
organization to represent all Americans affected by rare diseases. That organiza-
tion was NORD.

Rare Disease Milestones

With rare diseases, progress is often measured in small steps rather than huge leaps.
This section presents several milestones (on specific disease fronts) which may ulti-
mately help drive progress for all (see www.rarediseases.org/nord-30th-anniversary).

1979-FDA/NIH Task Force Issues Report

Task force chaired by Marion Finkel, MD, of FDA issues report calling for
measures to address the need for more resources to be directed toward drugs “of
limited commercial value” (drugs for small patient populations).

1979-1980-House Subcommittee Gathers Evidence

The Subcommittee on Health and the Environment of the House Energy and
Commerce Committee, chaired by Representative Henry Waxman, holds hearings
on the orphan drug problem.
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1979-1980-Patient Advocates Form Ad Hoc Coalition

Leaders of rare disease patient organizations form a coalition to provide advo-
cacy together on behalf of legislation to encourage the development of treatments
for people with rare diseases.

1980-Popular TV Show Features the Issue

Actor Jack Klugman and his brother, Maurice, assist the patient advocates
in focusing national attention on the problem with an episode of the TV show,
Quincy, MLE.

1980-Pre Orphan Drug Act

Only 10 new drugs were developed solely by the pharmaceutical industry for
rare diseases in the decade before 1983.

January 4, 1983-Orphan Drug Act Passed

After rare disease patient advocates mobilized support for the Orphan Drug
Act, which had been sidelined in Congress, it was approved by the House and
Senate in December 1982 and signed by President Ronald Reagan on January 4,
1983. Those same patient leaders then established NORD to continue their col-
laboration, realizing that “Alone we are rare. Together we are strong.”

February 1983—First Orphan Drug Approved

The Food and Drug Administration (FDA) grants first marketing approval to an
orphan drug - Panhematin® for acute intermittent porphyria and other acute por-
phyrias. Desiree Lyon Howe, co-founder and executive director of the American
Porphyria Foundation and for many years a NORD board member, participated in
research on this orphan drug.

May 4, 1983-NORD Founded

NORD is incorporated to represent the shared interests and goals of
all Americans affected by rare diseases. Abbey Meyers, considered the
primary consumer advocate responsible for the Orphan Drug Act, is named
president.

1984—-Orphan Drug Act Amendment

The Orphan Drug Act is amended to define a rare disease as any disease affect-
ing fewer than 200,000 Americans or a disease with a higher prevalence but for
which there is no reasonable expectation that a therapy would recover the cost of
development.

1985-Orphan Drug Act Amendment

The Orphan Drug Act is amended again to extend marketing exclusivity to both
patentable and unpatentable products.

1987-NORD Establishes First-ever Patient Assistance Program

NORD established the first patient assistance program dedicated to helping
patients obtain medications they could not afford or that their insurance did not
cover.

1988—-Orphan Drug Act Amendment

Orphan Drug Act is amended again to require that application for orphan des-
ignation be made before the submission of an application for marketing approval,
New Drug Application, or Product License Application.
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1989—National Commission Issues Report

The National Commission on Orphan Diseases, chaired by Jess Thoene, M.D.,
board chair and medical advisor to NORD, conducts a major study and issues a
report on the experiences of patients and families affected by rare diseases.

1989—-NORD Establishes Research Program

NORD establishes a Research Program to be overseen by its medical advisors
so that patients and patient organizations may provide grants for the study of dis-
eases with limited or no other source of funding.

1999—European Union adopts Orphan Law

European Union adopts law similar to Orphan Drug Act (Regulation on Orphan
Medicinal Products).

2000-NIH Establishes ClinicalTrials.gov

Partly in response to advocacy from NORD and others in the patient commu-
nity, NIH launches a website (www.clinicaltrials.gov) providing an overview of
current clinical trials.

2000-Rare Diseases Act Introduced

Senators Ted Kennedy and Orrin Hatch introduce the Rare Diseases Act, advo-
cated by NORD to enhance federal funding for rare disease research and acceler-
ate the development of treatments. The House later splits this legislation into two
separate bills—the Rare Diseases Act and the Orphan Products Development Act.

2002-Rare Diseases Act Signed into Law

The Rare Diseases Act strongly promoted by NORD is signed into law, codify-
ing the NIH Office of Rare Diseases Research and providing for the establishment
of the NIH Rare Diseases Clinical Research Network.

2003-NORD Publishes Guide to Rare Disorders

NORD, with Lippincott, Williams & Wilkins, publishes a 600-page textbook
written by the world’s leading rare disease experts, The NORD Guide to Rare
Disorders, for pediatricians and family physicians to encourage earlier diagnosis
and treatment.

2005-First Meeting of ICORD

The first meeting of ICORD (the International Council on Rare Diseases and
Orphan Products) takes place in Stockholm, with representatives of NIH, FDA,
and NORD participating from the U.S. At this meeting, Marlene Haffner, MD,
of FDA’s Office of Orphan Products Development, commits to developing a joint
orphan designation application with her office’s counterpart in Europe.

2006-Rare Diseases Clinical Research Network Founded

The National Institutes of Health (NIH) announces the establishment of the
Rare Diseases Clinical Research Network with $55 million in funding for rare dis-
ease research. This was made possible by the Rare Diseases Act of 2002, advo-
cated by NORD, and through the leadership of the NIH Office of Rare Diseases
Research.

2007-FDA and EMEA Partnership

The Food and Drug Administration (FDA) and European Medicines Agency
(EMEA) adopt a common application form for sponsors seeking orphan drug des-
ignation of medicines in the EU and US.
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2008-New NORD Leadership

Abbey Meyers retires after serving for 25 years as NORD’s president. She is
succeeded by Peter L. Saltonstall.

2008-Compassionate Allowances Program Established

Social Security Commissioner Michael Astrue announces at a NORD patient/family
conference that he will establish a “Compassionate Allowances Program” to fast-track
the processing of assistance applications from patients with severely disabling diseases.

2008-NIH Establishes Undiagnosed Diseases Program

The Undiagnosed Diseases Program is established at NIH to help patients with
baffling diseases obtain a diagnosis through the shared perspectives of teams of
rare disease medical experts.

2009-NORD Sponsors first US Rare Disease Day

NORD becomes the national sponsor for Rare Disease Day in the U.S.
Launched in Europe by EURORDIS in 2008, Rare Disease Day is observed annu-
ally around the world on the last day of February.

2009-NORD and EURORDIS Form Strategic Partnership

NORD and its counterpart in Europe, EURORDIS, sign a Memorandum of
Understanding to work together to connect patients and patient organizations in
the US and EU for purposes of advocacy, education and awareness.

2010-Rare Disease Office Established in FDA CDER

FDA establishes a new position for which NORD had provided advocacy,
Associate Director for Rare Diseases, in the Agency’s Center for Drug Evaluation
and Research (CDER), Office of New Drugs (OND). Anne Pariser, MD, is named
to the position, which for the first time provides a rare disease point of contact
within CDER for patients and those developing treatments.

2011-Affordable Care Act Signed

The Affordable Care Act signed by President Obama provides insurance
reforms for which NORD lobbied, such as ending annual and lifetime insurance
caps and eliminating discrimination based on pre-existing conditions.

2011-First Annual NORD/DIA Conference

NORD and DIA (the non-profit Drug Information Association) co-sponsor the
first annual U.S. Conference on Rare Diseases and Orphan Products.

2011-NORD Releases Orphan Drug Approval Survey

NORD releases major new report written by board member Frank Sasinowski
documenting ways in which flexibility has been applied by FDA in the review of
all non-oncologic orphan drugs approved between 1983 and summer 2010.

2011-NIH Launches NCATS

To promote and advance innovative research, NIH launches the National Center
for Advancing Translational Sciences.

2012-FDA Safety and Innovation Act Approved

The FDA Safety and Innovation Act is approved by Congress and signed by
President Obama. For two years leading up to this law, NORD meets regularly
with senior officials at FDA and legislators and Congressional staff to educate
them about patient needs and concerns. NORD calls this new law the most impor-
tant since the Orphan Drug Act for the rare disease community.
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2012-FDA New Drug Approval Hits 16 Year High

The FDA approved 39 new drugs in 2012, the most since 1996. The tally of 39
new drugs and biological products approved by the Food and Drug Administration
compares with 30 in 2011 and just 21 in 2010. At least 10 of the drugs had fast
track status in 2012, which enabled them to be reviewed more quickly.

2013-30 Years: NORD and The Orphan Drug Act

While many challenges remain, major progress has been made in research,
orphan product development, and patient access to needed treatments and services.
NORD and the entire rare disease community remain committed to assuring a bet-
ter future for all who are affected by rare diseases.

Looking Forward: Current Initiatives

The science of rare diseases is advancing with each new day. The NIH is pro-
moting innovation to translate promising early work into clinical trials. Orphan
product development is being seen by many as the most exciting frontier in
the pharmaceutical and biotechnology industries today. The Rare Disease
Congressional Caucus was established in 2010 to create a forum for members of
Congress to help improve the lives of individuals with rare diseases. Current ini-
tiatives include monitoring and commenting on legislation and policies that affect
members of the rare disease community.

Reauthorization of the FDA User Fee Programs

The FDA Safety and Innovation Act

For the FDA, the Prescription Drug User Fee Act (PDUFA) is one of the most
important pieces of legislation. PDUFA is considered a ‘must-pass’ bill and
is renewed by Congress every 5 years. NORD worked closely with FDA to
address some of the special needs of the rare disease community as they relate
to PDUFA. Similar to PDUFA, the Medical Device User Fee Act authorizes the
FDA to collect user fees from medical device makers to accelerate the review
of their products and determine if they are safe and effective. Like PDUFA,
MDUFA is reauthorized on a regular basis by Congress and is an important part
of ensuring that FDA has the resources it needs to fulfil its mission. During this
reauthorization cycle, both bills were combined into the omnibus Food & Drug
Administration Safety and Innovation Act or FDASIA. NORD continues its work
to engage and advise the FDA to ensure that the patient voice is further incor-
porated in FDA practice through the timely and mindful implementation of the
FDASIA law.
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Patient-Centered Outcomes Research Institute

One of the most promising new initiatives to come about from health reform was
the consensus that public health is improved by knowing definitively what kind of
care works and doesn’t work in a given situation. The Patient-Centered Outcomes
Research Institute will begin to systematically tackle questions related to standards
of clinical care and will have an important impact on healthcare delivery in the
United States, including for rare diseases.

Acknowledgments More detail on the content of this chapter can be found on the comprehensive
NORD website: www.rarediseases.org.
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The Role of Social Media in Healthcare:
Experiences of a Crohn’s Disease Patient

Michael Seres

A patient comes because she’s sleeping 16 h a day, and it takes
ten doctors and a coma to diagnose sleeping sickness

Dr Gregory House, “Fidelity”, HOUSE (TV series)

Abstract This chapter outlines the efficacy of using social media in healthcare.
Written by a UK-based Crohn’s disease patient, the chapter describes how con-
temporary IT tools and techniques can be used effectively to actively engage
patients in their own care. Examples of patient-to-patient interaction via new
social media are provided. The concept of the “i-patient” is introduced and the
need to empower both patients and healthcare professionals is suggested.

Introduction

I have been a patient for 30 years having been diagnosed with the incurable inflam-
matory bowel complaint known as Crohn’s disease aged 12. Crohn’s disease is a
long-term condition that causes inflammation of the lining of the digestive sys-
tem. Inflammation can affect any part of the digestive system, from the mouth to
the back passage, but most commonly occurs in the last section of the small intes-
tine (ileum) or the large intestine (colon). Common symptoms of Crohn’s disease
include: diarrhoea, abdominal pain, fatigue (extreme tiredness), weight loss. Over
time, inflammation can damage sections of the digestive system, resulting in addi-
tional complications, such as narrowing of the colon (NHS 2011). The UK’s National
Institute for Health and Clinical Excellence (NICE) estimates that around 80,000
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people in the UK have Crohn’s. It is defined as a rare chronic complex long term
condition and patients with inflammatory bowel disease are considered ‘“‘vulnerable
patients” in hospital due to their risk of malnutrition and hydration. This is often
caused by the fact that patients cannot absorb much of what they eat and drink in
their intestines. In rare cases, they cannot often tolerate many foods and require
enteral or intravenous feeding.

My patient journey started with joint pains from about 7 years old. Initially
doctors assumed that I had brittle bones as I would often break them. After surger-
ies on both shoulders and knees, I developed a rare condition known as Ankylosing
Spondolytis (NHS. Ankylosing spondylitis 2012) but my journey did not end there.
I underwent over twenty five bowel resections to either remove diseased areas or
divide adhesions within the bowel caused by continual operations. I went on to
develop intestinal failure and became the 11th person to undergo a rare life-threat-
ening small bowel transplant (NHS. Small bowel transplant 2012) at The Churchill
Hospital in Oxford, England.

The Role of Social Media

Every one of us will be a patient at some stage in our lives. Whether it is simply a
quick discussion with a healthcare professional, or something more complex, our
relationship as a patient is inevitably based around the medical professionals that we
go and see. The relationship with my doctors and surgeons has been fundamental to
my on-going well-being. However, social media and patient-to-patient interaction
have also become key components in helping me to manage my health. I have always
believed that whatever pain I am in, or whatever medical problem I encounter, I am
fortunate enough to have the best medical team to solve the issues. The other chal-
lenge I find in dealing with my long term chronic illness is a mental one. Being able
to cope with the rollercoaster of emotions, the impact your health has on your loved
ones, the financial fallout and those middle-of-the-night problems when everyone is
asleep and suddenly your feeding pump stops working or your stoma bag leaks. For
me, coping with these issues (and many more) is where the value of social media and
online communities lie and where they make such a vital contribution.

I started a blog (http://beingapatient.blogspot.com) in the build up to transplant.
I had never done anything like this before. With so little known about bowel trans-
plants, it became the ideal platform to let family and friends know what was hap-
pening. It meant that my wife did not have to tell the same daily update over and
over again and people felt they could keep involved without disturbing us. It also
became a way for the transplant team to keep tabs on me and they, in turn, encour-
aged their medical students to read it to gain a real-time overview of the daily
impact a transplant has on the patient and their family.

I have always been a nosey patient. I gain confidence by knowing more, by ask-
ing questions and by feeling I am making a contribution to my own well-being. I
like to be an empowered and engaged patient (an e-patient). I understand that not
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everyone wants to be that type of patient. In reality though, we all are: the level
of engagement is personalised to an individual. It is very easy to be passive, to
automatically follow what you are being told, to not probe too hard or ask the dif-
ficult questions. My blog has now been read by over 55,000 unique viewers and is
syndicated in 20 sites around the world. The vast majority of readers are patients
themselves. It has enabled me to build relationships with inflammatory bowel dis-
ease patients, intestinal failure patients and existing and potential bowel transplant
patients and their families. From this I was able to create the closed Facebook
group Bowel Disease One Global Family. It is a forum where patients from over
20 countries share experiences, provide practical tips, share the side effects of their
medication and support each other. The group is a classic example of how patient-
to-patient interaction has enhanced the lives of people who often felt they coped
alone (with perhaps only their doctor as their confidante).

Data on the use of online sources to help patients is now easily available. 68 %
of UK-based internet users make use of the medium in relation to their health
issues; in the USA, this figure rises to 83 %. In both countries, patient-to-patient
interaction is one of the biggest growth sectors. Digital and social media offers
new and innovative ways for patients and their carers to manage their own ill-
nesses. The key benefits to patients include increased individual engagement
in health and a greater understanding of new products and services. Currently, I
engage with over 12,000 patients through social media.

Another significant benefit is what has been described in a recent (UK) National
Health Service (NHS) report into digital healthcare as the “gift economy”. Social media
has enabled a huge rise in volunteer and sharing activity and, through blogs, forums
and social media, patients are happy to share information, tell their own stories and vol-
unteer their time. Whilst this is principally for the benefit of other patients, it can also
provide a useful information resource for healthcare providers and medical profession-
als. A 2011 study in Holland concluded that 55 % of patients who shared information
online are then likely to take their findings and comments to their medical practitioner
(The Health Foundation 2012). The Social Media Examiner 2012 report states that
Facebook is the number one tool used by 92 % of people on social media; it has over
900 million users and health is one of the most popular (Social Media Examiner 2012).

My own journey now includes Tiwitter, LinkedIn and the increasingly popular
photo sharing site Pinterest (21 % of online users’ access photo sharing sites) have
enabled patients to share pictures of images that have meant something on their
bowel disease journey. Using Pinterest, I “pinned” a picture of my stoma in order to
illustrate that patients have nothing to be ashamed of. Additionally, I hoped it would
result in other patients feeling more comfortable with the scars and wounds that
are an inevitable consequence of illness. Social media allows barriers to be broken
down far more quickly than a face-to-face meeting can do and it empowers patients
in a very unique way. Whilst access to patient records is often the primary goal for
e-patients, my own view is that the more the health sector can embrace the digital
age as a whole the better it will be for Pharmas, medical practitioners and patients.

I passionately believe in encouraging and supporting the development of open
platforms that allow patients to share stories. The more the patient voice is heard,
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the more that healthcare institutions will be able to react to requests and concerns
which can only have a positive impact on the quality of care received. Whilst
social media has been a fantastic learning curve for me, it has also opened my eyes
as to how much more of an impact the digital age can have on my own well-being.

Whilst I am lucky that I can communicate with my transplant team via text and
email, I wonder how long it will be before other digital advances play a part in
my on-going care. Telemedicine is a big growth area and I presume this would
also provide a significant cost saving. Currently, I talk to patients daily via video
calls on Skype—is there any real reason I cannot do this with my medical team? A
recent YouGov survey found that 29 % of people in the UK would like to see GPs
start offering remote consultations via video-link within the next decade (Digital
Innovation in Healthcare Working Group 2012).

My Experience as an ‘“I-Patient”

I do not regard myself as an e-patient anymore and I no longer believe that this
term is particularly relevant. The term i-patient defines me more accurately.
I-patient to me means an interactive patient. I choose to interact in all aspects of
my healthcare with social media being the core component. I use text and email
daily to interact with my healthcare professionals as well as using social media
to interact in so many other ways. Twitter-based “tweetchats” (for example,
#IBDCHAT, focuses on bowel disease issues for one hour every Sunday) can be
used to talk about issues or concerns patients have relating to new medications,
hints, tips and so forth. Patients can use this environment to provide vital support
to others experiencing similar situations.

On a more strategic level, the tweetchat #nhssm (of which I am the patient lead)
tackles weekly healthcare topics of interest to patients and healthcare profession-
als alike. The key component is the impact that those topics have on social media.
Whether it is responding to a new government initiative, or discussing the new
NHS mobile apps library, this weekly forum provides true interactivity.

Perhaps though my greatest successes in social media have come in mobilising
what I choose to term #patientpower. The most recent cause has been the campaign
to improve hospital food. By taking to social media, a campaign was able to gather
momentum that led to television coverage that, in turn, led to action to bring in manda-
tory food standards for patients in hospitals (The Campaign for Better Hospital Food
2013). At the time of writing, I am part of the team in discussions with the UK govern-
ment over these standards and we have secured the backing of hospital caterers, the
British Medical Association and many others. This support could only have been gar-
nered through the use of a proactive Twitter and Facebook campaign. Being an i-patient
depends entirely on having a healthcare team with whom to interact. I am able to inter-
act with my surgeon and medical teams continuously; sadly, this is perhaps rare in the
current healthcare climate. However, interacting with patients is not new—talking is the
simplest form of communication and social media is simply an extension of that.



The Role of Social Media in Healthcare 143

The Future

It fascinates me that the tools we use in our everyday life have not yet been used
properly in health. Nothing that I have talked about in this chapter is new. Twitter
is now 7 years old and over 200 million tweets are sent daily. Twitfer now states
that tweets about health are up 51 % year-on-year. Facebook is now the 4th larg-
est country in the world (if you count its users as a population). Youtube has just
signed up its one billionth user. It is fair to say that these social media tools are
being used constantly, yet take up in health is still slow. This may be due to issues
concerning privacy, security, confidentiality, trust and may also extend to inertia or
a reticence to change the norm. As an engaged patient, I use all these tools to aide
my healthcare continuously. Using a Google “hangout” and a closed Facebook
group are part of my daily life. When I developed a terrible pain and sore on my
right eye, I turned to a patient group on LinkedIn for help. A patient told me that
it sounded like shingles in the eye and I mentioned this to my surgeon; on con-
sultation, it turned out to be exactly that. When my dietician wanted me to try a
new transdermal spray, she asked me to find out if any other patients had expe-
rience of using this spray. I used my social media network to give her real-time
feedback and data. The question is whether this is the future of healthcare. My
vision for the future is one where your health is an interactive table of constituent
parts which include (a) face to face meetings, (b) in-patient stays, (c) medications
and treatment plans, (d) text and email communications, (e) video chats and pic-
ture messaging, (f) Tweetchats, (g) virtual community forums and (h) peer-2-peer
interactivity.

Conclusion

My condition may be considered to be rare but I suspect that my interactivity may
be even rarer. I am unsure as to why the tools and technologies discussed in this
chapter are not in wider use within the patient community. I observe in a typi-
cal outpatients clinic that nearly all patients are using their mobile devices. When
I visit hospital wards, most people enquire about wifi connectivity and regularly
upload pictures of their ward and bed to Facebook. We communicate constantly
via social media in our daily lives sharing what we eat, where we are, a new pur-
chase and so forth. This interactivity needs to be effectively applied to our health-
care and its planning. Such interactivity may already be a reality: it could be
argued that the busiest doctor in the world is Google (as many patients carry out a
search either prior to or following a healthcare consultation).

Many of these tools will require a “mindset” change before they are widely
accepted as patient tools. It is my contention that healthcare professionals still
regard social media as something to fear rather than embrace but this is definitely
changing. Many hospitals now have their own Facebook pages (some even have
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Twitter feeds) but there is often an inherent fear about what to do when a patient
posts something that the hospital may not like. From a patient perspective, hon-
esty and openness is the solution: interactively explain if something cannot be
answered online or if it cannot be dealt with immediately. Social media was meant
to be used as a communication and engagement tool and as digital health is here
to stay, all stakeholders need to embrace it. By 2015, the UK government plans
to be paperless by which time every patient will have online access to their own
data. How patients choose to engage, share and use that data will change the way
healthcare is delivered; interactivity will lead to a rise in i-patients and, with time,
i-doctors.
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Vignette: The Blessings and Curse of
Diagnosis: Myasthenia Gravis

Grainne Pierse

I was just starting my second year of university and heading back into the heat of
training with the varsity swim team. I had taken time off from my training over the
summer to recover from a bad bout of clostridium difficile that I had contracted the
previous spring. But it was a new year now and I was excited to get back into my
routine.

About three weeks into the school year I started having constant headaches.
They were worse whenever I stood or after practices, so swimming was put on
hold for a bit. I went to the doctor for them who prescribed migraine medications
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but that was about all that was done about the problem. A few days later the
exhaustion really set in. I was too tired to get out of bed in the morning and going
to classes just didn’t seem like an option. Then came my droopy eye. The first day
I noticed it I thought I was just overreacting and seeing things that weren’t really
there, but the next day it was much more predominant. It was a struggle to hold
the eye open at all. At this point it was time to go back to the doctor. I remem-
ber sitting in the waiting room, not really sure where this appointment would take
me. Within a few minutes of being in the exam room I knew my doctor was as
scared as I was. She sent me to the emergency room straight from her office to see
a neurologist.

I don’t remember much of that first night in hospital, just a lot of questions
being asked and a test here and there. I was admitted to the neurology ward to
await an MRI and other tests the following day. The following day I had an MRI
and CT scan of my brain. Nothing showed up on either of these tests ruling out
any tumours or early signs of multiple sclerosis. I would not have known any of
this if it had not been for my brother, a doctor, who explained why every test was
being done, what it had shown, and what that meant. After three days in hospital
I was discharged with no answers as to what was wrong. I was still exhausted and
my droopy eye and the constant headaches had not resolved.

I spent the next few days with my family, with everyone seeming to get pro-
gressively more frustrated with me. Nothing was wrong with me so why was 1
continuing to act like there was? I started making excuses for my slow movement:
I was in too much pain from my lumbar puncture to walk much, I hadn’t slept well
in the hospital and needed to rest. Anything to get out of extra activity.

About a week later I had a follow up with my GP. At this appointment I learned
that everyone thought I was severely depressed. My family had contacted my doc-
tor to raise their concerns and she seemed inclined to agree. She tried to prescribe
antidepressants but I refused them. I knew I wasn’t depressed, I was just in so
much pain with the headaches and the exhaustion was never ending.

I went home for thanksgiving about a week later and did my best to smile and
act like I was fine. I did however still have the drooping eye and had developed
a stutter. To hide this I avoided speaking whenever possible and mostly kept to
myself, further convincing my family that I was depressed. This way hard to take.
Everyone seemed to think that my symptoms were in my head. I know my fam-
ily only had my best intentions at heart, but I couldn’t help but feel that it was my
fault I was sick.

My symptoms eventually faded away. I returned to my swim training, albeit
slowly and cautiously, and by Christmas I was almost back to normal. I still had
headaches almost every day and the weakness would return at the end of a long
week, but I kept this to myself and for the most part I was healthy.

It wasn’t until January that I had the first hint of an answer to what had been
wrong. It was my final follow up with my neurologist where he told me he thought
I had an autoimmune disease called myasthenia gravis. It couldn’t be tested for
while I was asymptomatic but he told me to call him when it came back. I will
never forget him saying when my symptoms returned, not if. This small difference



Vignette: The Blessings and Curse of Diagnosis: Myasthenia Gravis 147

in phrasing made me happier than you would think. It was nice to have a glimpse
of a diagnosis. Naturally, I went home and learned everything I could about the
disease and everything seemed to fit so perfectly.

It was almost a year to the day of the first symptoms appearing that they
returned. I returned to my GP for a referral to a neurologist. Despite my being cer-
tain I had myasthenia this doctor was not convinced but sent me to the emergency
room once again to see a neurologist there. After a few hours in the emergency
room, I had only gotten as far as a neuro resident who concluded I was fine to be
sent home with a follow up a few days later with another neurologist.

When I saw the neurologist a few days later she was shocked I had been sent
home in my condition. By this point I struggled to stand by myself and my breath-
ing was beginning to be laboured. She admitted me to the hospital immediately
with a suspected diagnosis of myasthenia. Over the next few days I had the
standard battery of myasthenia tests done with all the ones that provided a true
diagnosis coming back negative. My symptoms fitted too perfectly though and I
responded well to Mestinon, a drug used solely in the treatment of myasthenia.

Once the diagnosis was set I was started on a course of prednisone to get the
symptoms under control. Anyone who has ever been on prednisone understands
how awful this drug can be, with the chubby cheeks, high anxiety, and insomnia
being only a few of the many negative effects. I was also given a course of intrave-
nous immunoglobulins (IVIG) while in hospital. Now, this really is a magic treat-
ment. Within a few days of this treatment I was almost back to normal. The only
downside to IVIG is that it wears off. My first course lasted only three weeks and
despite the high dose steroids, I was worse than I had been a month earlier.

At this point my steroid dose was increased and I was prescribed IVIG once
every four weeks. My doctors hoped I would not need IVIG for longer than three
months with the higher doses of steroids, but again attempts to go without caused
a relapse, so the treatments were continued. In January I had also started a course
of another immunosuppressant called Imuran. This drug, like many immunosup-
pressants, takes about six months to kick in and a year to become fully active. I
was able to stop IVIG around the 6 month mark of this, in June.

June was also the month I had my thymectomy. Thymectomy is the surgical
removal of the thymus gland. The thymus aids in development of the immune sys-
tem in infancy but has atrophied by adulthood, except in some people with myas-
thenia. A thymectomy is only done if the patient has a thymoma, a tumour of the
thymus gland. If they do not, however, the benefits of thymectomy are not clear
and it is not always recommended. I went back and forth on the idea of having the
surgery for quite some time before finally settling on yes. It was the scariest and
most painful thing of my life but I am currently healthy and haven’t had any seri-
ous flare-ups in the two years since surgery, so I’d like to think it was worth it.

So now you have my story. I would still say that going undiagnosed for a year
was the hardest part by far. Yes, it was scary to have this diagnosis that is now with
me for the rest of my life, but more than anything it was a relief to finally have
answers. Some people ask me now how I have stayed so positive through every-
thing and all I can say is I like being happy. If I was to let this one thing bring me
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down and define who I was then I would be self-pitying and upset for a very long
time. Myasthenia is a part of who I am now but it hasn’t changed me. I am still the
same person I was before, albeit with a pretty kick-ass scar down my chest and a
few extra meds on board. I was even able to get back into swimming four months
after my surgery. It started slowly and I trained on a modified program but I did it.
Just this past week I was a part of my team’s second national title. Yes, I got sick,
but I also got better and am a stronger person because of it.



Noah’s Hope: Family Experiences of
Batten Disease

Tracy VanHoutan

Every Childhood Disease Deserves a Cure
TRACY VANHOUTAN

Abstract This chapter describes one family’s experiences of coping with
Batten disease, a rare condition which has afflicted two of their three children.
The chapter, written by one of the parents, presents a powerful and personal-
ised account of the initial diagnosis and prognosis, the daily consequences of
caring for the children, family efforts to find effective treatments and promising
research for the future.

Introduction

When I was first asked to write this chapter, I realized I had not written anything
for public consumption in many years. But, as I thought about the past few years,
I realized that our family’s story was worth telling. 5 years ago, life was much
different - as many parents of children with rare diseases can tell you. We had a
3 year old son, Noah, and 1 year old twin girls, Laine and Emily. Our lives were
busy, but we were happy and felt very blessed to have three healthy young chil-
dren. But then things began to change, and change quickly. Over the next months,
and the subsequent years, we learned more and more about a rare pediatric disease
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known commonly as Batten disease. I hope through my writing of this chapter
to help raise awareness of this terrible disease. To learn more about our efforts,
please visit us at www.NoahsHope.com and www.BDSRA.org.

Background

Batten disease is named after the British pediatrician who first described it in
1903. Also known as Spielmeyer-Vogt-Sjogren-Batten disease, it is the sec-
ond most common form of a group of genetic disorders called Neuronal Ceroid
Lipofuscinosis (or NCLs). Although Batten disease is usually regarded as the
juvenile form of NCL, it has now become the term to encompass all forms of
NCL. The forms of NCL are classified by age of onset and have the same basic
cause, progression and outcome. However, the forms of NCL are all geneti-
cally different. Over time, affected children suffer mental impairment, worsen-
ing seizures, and progressive loss of sight and motor skills. Eventually, children
with Batten disease/NCL become blind, bed-ridden and unable to commu-
nicate. Presently, it is always fatal. Batten disease is not contagious or, at this
time, preventable.

What are the Forms of Batten Disease/NCL?

There are four main types of NCL, including two forms that begin earlier in child-
hood and a very rare form that strikes adults. The symptoms are similar but they
become apparent at different ages and progress at different rates.

Infantile NCL (Santavuori-Haltia disease) onsets between about 6 months
and 2 years of age and progresses rapidly. Affected children fail to thrive and have
abnormally small heads (microcephaly). Also typical are short, sharp muscle con-
tractions called myoclonic jerks. Initial signs of this disorder include delayed psy-
chomotor development with progressive deterioration, other motor disorders, or
seizures. The infantile form has the most rapid progression and children live into
their mid-childhood years.

Late Infantile NCL (Jansky-Bielschowsky disease or LINCL-Batten dis-
ease) is the most common form of Batten disease (Verity et al. 2010), and typi-
cally onsets between ages 2 and 4. The typical early signs are loss of muscle
coordination (ataxia) and seizures, along with progressive mental deterioration.
This form progresses rapidly and ends in death between ages 8 and 12. This is the
disease Noah and Laine are fighting.

Juvenile NCL (Batten disease) typically onsets between the ages of 5 and 8.
The typical early signs are progressive vision loss, seizures, ataxia, or clumsiness.
This form progresses less rapidly and ends in death in the late teens or early 20s,
although some may live into their 30s.
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Adult NCL (Kufs Disease or Parry’s Disease) generally begins before the age
of 40, causes milder symptoms that progress slowly, and does not cause blindness.
Although the age of death is variable among affected individuals, this form does
shorten life expectancy.

A more precise chart of the forms of Batten disease is shown below (Mole
2013):

Chart: Forms of Batten Disease

Form Initials Gene Age of Onset
Infantile INCL CLN1 6 months—2 years
Late Infantile LINCL CLN2 2-4 years
Juvenile INCL CLN3 5-7 years
Adult—Parry disease ANCL CLN4 25-40 years
Finnish Late Infantile fLINCL CLN5S 2-4 years

Variant Late Infantile vLINCL CLN6 3-5 years
Turkish Late Infantile tLINCL CLN7 2-4 years
Northern Epilepsy EPMR CLN8 5-10 years
Variant Juvenile vINCL CLN9 5-7 years
Congenital CTSD CLN10 Birth-2 years
Adult CLN11 Adult onset
(un-named) CLNI12 5-7 years
Adult—(Kufs type B) CLN13 Adult onset
(un-named) CLN14 6 months—2 years

How Many People Have These Disorders?

Batten disease/NCL is relatively rare, occurring in an estimated 2-4 of every
100,000 births in the United States. The diseases have been identified worldwide.
Although NCLs are classified as rare diseases, they often strike more than one per-
son in families that carry the defective gene. Symptoms of Batten disease/NCLs
are linked to a buildup of substances called lipopigments in the body’s tissues.
These lipopigments are made up of fats and proteins. Their name comes from
the technical word lipo, which is short for “lipid” or fat, and from the term pig-
ment, used because they take on a greenish-yellow color when viewed under an
ultraviolet light microscope. The lipopigments build up in cells of the brain and
the eye as well as in skin, muscle and many other tissues. Inside the cells, these
pigments form deposits with distinctive shapes that can be seen under an electron
microscope. Some look like half-moons (or commas) and are called curvilinear
bodies, others look like fingerprints and are called fingerprint inclusion bodies and
still others resemble gravel (or sand) and are called granual osmophilic deposits
(grods). These deposits are what doctors look for when they examine a skin sam-
ple to diagnose Batten disease. The diseases cause the death of neurons (specific
cells found in the brain, retina and central nervous system). The reason for neuron
death is still not known.
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How are These Disorders Diagnosed?

In the most common form of Batten disease (cIn2 or Late Infantile) often the first
major symptom is seizures of unknown origin. In addition, children begin to lose
motor skills they had once mastered. Progressive loss of mastered language typi-
cally follows. In the Juvenile form of Batten disease (cIln3 or JNCL), vision loss is
often an early sign and Batten disease may be first suspected during an eye exam.
An eye doctor can detect a loss of cells within the eye that occurs in the three
childhood forms of Batten disease/NCL. However, because such cell loss occurs in
other eye diseases, the disorder cannot be diagnosed by this sign alone. Often an
eye specialist or other physician who suspects Batten disease/NCL may refer the
child to a neurologist, a doctor who specializes in disease of the brain and nerv-
ous system. In order to diagnose Batten disease/NCL, the neurologist needs the
patient’s medical history and information from various laboratory tests. Diagnostic
tests used for Batten disease/NCLs include:

e SKkin or tissue sampling—the doctor can examine a small piece of tissue under
an electron microscope. The powerful magnification of the microscope helps the
doctor spot typical NCL deposits. These deposits are found in many different
tissues, including skin, muscle, conjunctiva, rectal and others. Blood can also
be used.

¢ Electroencephalogram or EEG—an EEG uses special patches placed on
the scalp to record electrical currents inside the brain. This helps doctors see
tell-tale patterns in the brain’s electrical activity that suggest that a patient
has seizures.

e Electrical studies of the eyes—these tests, which include visual-evoked
responses (VER) and electro-retinagrams (ERG), can detect various eye prob-
lems common in childhood Batten disease/NCLs.

e Brain scans—imaging can help doctors look for changes in the brain’s appear-
ance. The most commonly used imaging technique is computed tomography
(CT), which uses x-rays and a computer to create a sophisticated picture of the
brain’s tissues and structures. A CT scan may reveal brain areas that are decay-
ing in NCL patients. A second imaging technique that is increasingly common
is magnetic resonance imaging, or MRI. MRI uses a combination of magnetic
fields and radio waves, instead of radiation, to create a picture of the brain.

e Enzyme assay—a recent development in the diagnosis of Batten disease/NCL
is the use of enzyme assays that look for specific missing lysosomal enzymes
for Infantile and Late Infantile forms only. This is a quick and easy diagnos-
tic test (Sohar et al. 1999).

e Genetic/DNA Testing—each form of Batten disease is the result of a different
defective gene. Testing for most of the forms is available for diagnosis as well
as carrier and prenatal status.

As yet, no specific treatment is known that can halt or reverse the symptoms
of Batten disease/NCL. However, seizures can be reduced or controlled with



Noah’s Hope: Family Experiences of Batten Disease 153

anti-convulsant drugs, and other medical problems can be treated appropriately as
they arise. At the same time, physical and occupational therapy may help patients
retain function as long as possible. Some reports have described a slowing of the
disease in children with LINCL-Batten disease who were treated with various vita-
mins, supplements and anti-oxidants (Yoon et al. 2011; Le et al. 2012). However,
these treatments did not prevent the fatal outcome of the disease. Support and
encouragement can help children and families cope with the profound disability and
losses caused by NCLs. The largest and oldest institution in the world dedicated to
support of families and developing research initiatives is the Batten Disease Support
and Research Association (BDSRA). BDSRA enables affected children, adults and
families to share common concerns and experiences. Meanwhile, scientists continue
to pursue medical research that will someday yield an effective treatment.

Batten Disease: The VanHouton Story

Every parent dreams of the future as they hold their babies in their arms. With
every first smile, first step and first somersault, we watched our three children
grow stronger and more independent. Noah loved baseball and trains, while his
little blonde-haired twin sisters (Laine and Emily) adored coloring, dancing at
ballet class, and skipping rope. We used to worry about how we would keep up
with such active children and how we would coordinate Little League with soccer
practice and dance recitals. We never thought that we would worry if our precious
babies would live to participate in those everyday childhood moments.

Our Three Little Stars

In April 2004, my wife Jennifer (Jen) and I were blessed with our first child:
Noah. Noah was perfect to us in every way—an energetic and curious little guy
who loved trains, running in the park and doing everything a normal, healthy child
would do. Noah hit all of his developmental milestones appropriately and was
even doing some things early. A year and a half later, we were blessed again with
twin girls: Laine and Emily. Life was good—beautiful twin girls and a big brother
to look after them. We spent a lot of time back in those days imagining what sort
of amazing experiences our children would have together as they grew up.

Early Signs

Noah developed normally as an infant and toddler. He talked and giggled, loved
watching trains, wrestling with Daddy and was always on hand to get into a little
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silly mischief. He loved baseball, and as he grinned under his toddler baseball cap
we used to dream about him becoming a pitcher for the Chicago Cubs. But things
began to slowly change with Noah. At about age two and a half, we began to
notice he didn’t socialize with other children in a totally normal way; we noticed
some slight speech problems and he began to have slight tremors in his hands and
feet. Our first neurologist said that these symptoms were normal for a boy and that
he should grow out of them.

On December 18 2007, we were doing some last-minute decorating for
Christmas. As I carried some boxes loaded with decorations, I looked to the other
side of the room and watched Noah seemingly lose his balance and fall to the
floor. As I rushed to his side, he stood up and resumed playing with the puzzle he
had been putting together. I returned to my task, only to watch as Noah again lost
his balance and collapsed to the floor—only this time he didn’t get up. As I picked
him up and lay him on the sofa, a horrible realization swept over me. Noah had
stopped breathing and was turning gray. As I tried desperately to administer rescue
breathing to Noah, Jen called the paramedics. Upon their arrival, Noah began to
take shallow breaths on his own and his normal color returned. We had no idea
what had happened, but the doctors told us it was probably a seizure. At the time,
it was the most frightening day of our lives.

A few weeks later while exiting the car to take the kids sledding at a nearby hill,
Noah had another seizure. Paramedics were called and Noah was again transported
to the hospital. He was then diagnosed with idiopathic childhood epilepsy. About
9 months after the epilepsy diagnosis, an MRI scan revealed some atrophy of his
brain, but no cause. We also noticed Noah’s speech began regressing and he had dif-
ficulty performing simple activities such as eating with a fork and brushing his teeth.

After several months of different seizure medications and with varying degrees
of seizure control, our second neurologist (a “specialist” in hard to diagnose cases)
ran a limited screen for genetic diseases. Once the results arrived he informed us
that Noah’s condition was not genetic. It was at this point he seemed to think there
was nothing else we could do and recommended we stop looking. He also resisted
putting Noah on the Ketogenic Diet to help control his seizures. That did not really
work for us. Soon after this experience with our Neurologist from our childrens’
hospital, we traveled to St. Louis to get a second opinion. Not much came of this
meeting except that we were told he didn’t know what was causing Noah so many
problems.

Duke Children’s Hospital Sheds Some Light

After several months, a friend of the family put us in touch with Duke Children’s
Hospital. Within weeks, Jen, Grandma Jacque, and Noah drove 850 miles to
Duke University for a two-week evaluation. The team ran every test imaginable
to determine the cause of his seizures. By the end of their stay, the team did not
have a definitive diagnosis, but several tests were still awaiting results. While at
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Duke, Noah started the Ketogenic Diet, a special regimen to control his seizures.
We were thrilled when Noah responded very well to the diet. His seizures were
reduced dramatically and the fog around him seemed to lift. Noah, Jen, and
Grandma Jacque returned home after 2 weeks and Noah was doing great; we were
getting our little boy back.

On March 17, 2009, our lives changed in a way no one could imagine. As we
were sitting down for our St. Patrick’s Day dinner, we received a call from Noah’s
neurologist at Duke Children’s Hospital. Two of the tests which had been sent
to separate labs came back confirming the same diagnosis. Noah was diagnosed
with Late Infantile Neuronal Ceroid Lipofuscinosis (LINCL), often referred to as
Batten disease. Over the next few hours as we researched the disease, our world
quickly crumbled. It was never the same again. Over time we learned that Noah
would suffer mental impairment, worsening seizures, and progressive loss of sight
and motor skills. Eventually Noah would become blind, bed-ridden, tube-fed and
unable to communicate. His life would be cut short, probably between the age of 8
and 12, as the disease is presently always fatal. We sat there in disbelief and horror
as we tried to come to terms with the fact that Noah’s life was likely halfway over.

Noah’s News Broke Our Hearts

When we learned that Noah had Batten disease, our world literally fell apart. As
we frantically tried to learn as much as we could about this terrible illness, we
worked hard to keep everything at home peaceful and uneventful. It was very
important to us that the girls would continue their busy lives with as little interrup-
tion as possible. They were our shining lights of joy amid our new chaos, and we
went to great lengths to keep up their dance classes and play dates. It soon became
difficult to continue with business as usual, as Noah experienced more seizures
and began having trouble walking and talking. The girls were only 2 years old, but
it was clear that they knew something was wrong with Noah. It was also clear that
they had no idea how that could be, as Noah was their super-hero big brother who
succeeded at everything he touched.

Waiting and Praying

As the weeks passed we finally decided to have our twin girls Laine and Emily
tested for Batten disease. We learned that this disease is autosomal recessive,
which means that each child of ours had a 25 % chance of having the disease.
Laine and Emily had none of the symptoms that Noah had displayed when they
were tested for Batten disease at age three. We prayed, and hoped, and wished
as we waited for the test results to be returned. The first set showed that Emily
did not have Batten disease, but that Laine’s test results were inconclusive. As we
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waited several more weeks for more tests to be run and re-run, our family and
friends prayed with us for a miracle. Sadly, it did not come to be. Our world shat-
tered again when we learned that Laine also had Batten disease. It was August 17,
2009, exactly 5 months to the day when Noah was diagnosed.

Our Broken Hearts Broke Again

Laine still had not experienced any symptoms when she was diagnosed. However,
like horrifying clockwork, she had her first two seizures within the first month
after her diagnosis. Emily found her when she had her first seizure, and told us
that, “Lainey has the shakes.” The look in her little eyes told us that Emily already
knew that her sister was sick.

By the time we knew that Laine also faced Batten disease, the illness had come
to live like an unwelcome guest in our house. Yet even as we stayed up nights
searching for answers, Noah continued on blissfully unaware. He seemed occa-
sionally frustrated by his loss of control, but blessedly never appeared to be very
conscious of his decline. Unlike Noah, six-year-old Laine knew exactly what was
happening to her. We will never forget the morning she crawled into our bed, her
blue eyes wet with tears and her five-year-old blond hair tickling her pink pajamas.
She was so sweet and innocent as she stared up at us and asked, “I can’t walk! I
can’t see! Will I be like Noah too?”

What do you say at a moment like this? What do you say when your little girl
can see her future in her sick brother’s deteriorating body, and you can’t do any-
thing to stop it?

Laine doesn’t ask these questions any more. Just months after that pink-pajama
moment, she stopped walking and lost most of her ability to speak. But even while
she can no longer ask, it’s clear to us that she feels trapped inside her own declin-
ing body. And that, perhaps, is one of the hardest realities for us to face.

Our Giggling Little Girl

Similar to Noah, Laine began her life as a healthy infant and toddler, successfully
progressing through all of her developmental milestones. Our house rang with her
giggles as she galloped down the hallway with her twin sister Emily. They were
always a pair, whether coloring pictures for Mommy, snuggling during naps or
showing off their newest princess dresses. Laine and Emily were together so much
that we often merged their names into one when we called them. They twirled
in ballet class together, raced across the grass together, and had doll tea parties
together. They even shared a room and had trouble sleeping by themselves.

Laine has recently lost her ability to use her adaptive walker and her declining
body twitches out of her control. It was a terrible day for Laine when she realized
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that she could no longer run and keep up with her twin sister Emily. They did
manage to walk down the aisle at a friend’s wedding in June of 2011—our beau-
tiful twin flower girls. Sadly, that was one of the last walks the girls ever took
together. Laine and Emily still share a connection, but it is becoming more remote.
Yet as Laine declines, her relationship with Noah grows more special. She lights
up around him, and her smile is thrilling to see. We cherish each smile. And while
we mourn for the future that could have been, we embrace each day that we have,
cherishing our little blue-eyed girl who used to dance.

Current Efforts

As a so called “orphan disease”, LINCL-Batten disease receives almost NO
FEDERAL FUNDING. As close as we are to real treatment for this heartbreak-
ing disease, none of these experimental approaches can proceed without help
and funding. Within the Federal Government, the focal point for research on
LINCL-Batten disease and other neurogenetic disorders is the National Institute
of Neurological Disorders and Stroke (NINDS). NINDS, part of the National
Institutes of Health (NIH), is responsible for supporting and conducting research
on the brain and central nervous system. The Batten Disease Support and Research
Association (BDSRA) is the largest and oldest organization in the world dedicated
to research and support of families affected by Batten disease. More can be found
on their website: www.BDSRA .org.

Clinical Trials for Late Infantile Batten Disease

Recently a phase I clinical trial has been completed: Weill Cornell Medical College
at Cornell University has completed a phase I safety study using direct intracranial
injection of gene therapy vector into the brain. The first clinical study, which involved
using AAV serotype II to treat 10 children with LINCL-Batten disease, showed stabi-
lization of the disease in some children (Worgall et al. 2008). At the time of the writ-
ing this chapter, the Cornell researchers are recruiting and treating children in another
phase I clinical trial using the more aggressive virus Rh10. Early reports from fami-
lies lead us to believe that this therapy may be slightly slowing progression, but is not
stopping the disease. In brief, our family’s extensive efforts include:

1. For the past 3 years, we have funded projects at the Center for Advanced
Biotechnology and Medicine at Rutgers University for Enzyme Replacement
Therapy. The hope is that this proven methodology in other lysosomal storage
disorders can move to clinical trial by 2013 (Vuillemenot et al. 2011).

2. In partnership with Jasper against Batten, we funded the creation of a Batten
Disease mouse colony at King’s College London. The work to be done with
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these mice will help other scientists around the world to better understand
how Batten Disease progresses through the brain and to develop therapeutics
that are better targeted.

. Recruited a new researcher at Rush University in Chicago to look at a new

approach in Batten Disease. This researcher is a Parkinson’s, Alzheimer’s,
and Multiple Sclerosis expert who believes he can apply some of his previous
work to Batten Disease using an already FDA approved drug to relieve some
of the symptoms of Batten disease (Ghosh et al. 2012).

Recruited a new researcher at Rice University in Houston to look at how the
protein that is responsible for Batten disease becomes inoperable. She is test-
ing a new compound in cell cultures to determine if she can make this protein
work correctly again.

. Funded the upgrade of all computer systems at the national Batten Disease

organization (Batten Disease Support and Research Association).

Tracy was elected by members of the BDSRA to the national Board of
Directors, and is currently the second VP of the organization.

In June 2010, Tracy testified before the FDA in Washington DC on the chal-
lenges that rare diseases face at the regulatory level, and submitted proposed
changes. Final Brownback/Brown report issued to Congress in August of
2011 (VanHoutan 2010a, b).

Participated in numerous conference calls with the National Organization for
Rare Disorders (NORD) and Rare Disease Legislative Advocates (RDLA).
Attended the past four World Lysosomal Disease Network meetings to net-
work with researchers and biotechnology firms, and heighten interest in
Batten research.

Assisted in the recruitment of seven other Batten Disease foundations to form
a small working group dedicated to finding a treatment or cure for Batten
Disease.

Coordinated with the national Batten organization (BDSRA) and the National
Institute for Neurological Disorders and Stroke (NINDS) to convene an inter-
national Batten Disease conference at the National Institute of Health (NIH)
in November of 2010. The purpose of this conference was to identify gaps in
knowledge about Batten disease and to develop collaborative efforts among
the attending scientists to develop a concrete plan to transition work from the
lab into the clinic. We also expect the NIH will issue a funding request as
a result of this conference that could lead to significant funding for Batten
Disease research at the federal level.

Funding a project at Weill Cornell Medical College to identify a bio marker or
surrogate endpoint for Batten Disease that will aid in clinical trial design. This
project will measure specific metabolites in the blood or spinal fluid that will
allow us to determine if new therapies are effective or not.

Made five trips to Washington DC to recruit members of the US House and
Senate to join the newly formed ‘“Rare Disease Congressional Caucus”.
Discussed other issues of the rare disease community including HR3737-“The
ULTRA” Act- Advocating for FDA flexibility in using bio-markers in clinical
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trial design. The language of the “FAST act” was successfully incorporated
into federal law (FDASIA) on July 9, 2012 (Public Law 112-144 2012).

14. Developing an accurate worldwide survey (count) of children affected by Late
Infantile Batten disease. We expect to help co-fund a world-wide project soon
to expand this work to all forms of Batten disease.

15. In partnership with Hope-4-Bridget, co-funded a project at Sanford Children’s
Research center in South Dakota to develop a test for a high throughput
screening of tens of thousands of compounds and pharmaceuticals to deter-
mine if they might have an effect in Batten Disease cells.

16. Working with other foundations across the globe on the formation of the
Batten Disease International Alliance. Attended the inaugural meeting in
March 2012 in London.

17. In September 2011, Tracy was invited to the National Institutes of Health cam-
pus in Maryland to participate as a parent advocate for a workshop on cell based
therapies for pediatric disorders. This workshop addressed strategies to overcome
the barriers to advancing the development and delivery of cell-based therapies
for pediatric patients, in particular those with rare and life-threatening diseases.
The clinical applications of cellular therapies and regenerative medicine, includ-
ing the ethical considerations and models of clinical trial design, were examined
with intent to optimize overall processes for the future (NIH 2012).

The Future

Enzyme Replacement Therapy

Enzyme replacement therapies are also in different stages of development. As
a previously proven therapy option in other lysosomal storage disorders, enzyme
replacement therapy represents so-called “low hanging fruit”. While some obsta-
cles still need to be overcome, we believe that this may be the first therapy to be
widely available to children dying from this devastating disease. Noah’s Hope Fund
has partnered with the BDSRA to fund several research projects in enzyme replace-
ment therapy. In December 2012, BioMarin, a California Biotech company that
focuses or rare diseases, announced at a New York investor conference that they
have added a new clinical program to their pipeline. BMN-190 was announced as a
pipeline project to treat Late Infantile Batten disease with a synthetically manufac-
tured enzyme that is missing in these children. As I watch the conference via web-
cast, the company’s CEO plays a video we produced to launch Noah’s Hope. The
video is titled “Fix You”. Nearly 3 years of developing this relationship and funding
pre-clinical mouse work at Rutgers has paid off. Quite an emotional and bittersweet
day as we will soon have a viable treatment for this disease. A big step, but much
more work still to be done. And sadly, Laine and Noah have likely progressed too
far to be part of the clinical trials slated to begin in Europe in 2013.
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Gene Therapy: Current Efforts

Dr. Beverly Davidson at the University of Iowa is working on a gene therapy
protocol. She is using virus vectors for gene transfer to the central nervous sys-
tem. Her work in a mouse model is encouraging, and we are eager to support her
work in the future (Chen et al. 2009). Dr. Steven Grey at the University of North
Carolina is working on modifying the virus capsid to more effectively deliver ther-
apy. Dr. Ron Crystal of the Weill Cornell Medical College has completed one clin-
ical trial and is currently conducting a second as mentioned previously.

Small Molecule Therapy

Small molecule (drug) therapies are currently being researched. Several pilot pro-
grams to repurpose existing drugs are currently underway due to the efforts of our
Batten researchers. Our hope is that we can find an already FDA approved drug
that will have some beneficial effect.

Researchers are also trying to discover the mechanism by which chronic acti-
vation of glia in the brain, especially astrocytes and microglia, leads to damage
of the neurons and progressive neuro-degeneration in diseases like Batten dis-
ease (Macauley et al. 2011). The overall goal is to utilize knowledge of poten-
tially “druggable” pathways to develop new therapeutics. The normal role of
the glia is to cooperate with the neurons to keep the brain operating smoothly.
When an injury or change in the brain occurs, the glia mount an inflammation
response to fight off the insult and restore the brain to its proper functioning.
But in neurodegenerative diseases, the glia are over-activated, producing a state
called neuro-inflammation. Neuro-inflammation can lead to nerve cell dysfunc-
tion or death, which manifests as dementia. Although neuro-inflammation appears
to play a pivotal role in the development and progression of neuro-degeneration,
the molecular mechanisms underlying the process and approaches to reduce
the neuro-inflammation have received little attention to date from the research
community.

Conclusion

As a man, a guy, a father, I have always been inclined towards wanting to fix
things. I have actually always been very handy and able to fix just about anything.
So it is especially painful and incomprehensible that I am not able to fulfill that
role with my own children at this time. In the two years following Noah’s diagno-
sis, we had high hopes that somehow we might be able to save Noah and Laine.
We still carry that hope, but the cruel realities of time are working against us. We
do still have great hope that we will soon be part of developing treatments and
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possibly cures for this group of devastating diseases. Much has been accomplished
over the past few years due to the efforts of many, but much work remains to be
done. Thank you for taking the time to learn a bit more about Batten disease and
for letting me share my special children, Noah and Laine with you.
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Using Technology to Share Information:
Experiences of Oesophagus Atresia (OA)
and Tracheaoesophageal Fistel (TOF)

Caren Kunst

A person always doing his or her best becomes a natural leader,
Jjust by example

JOE DIMAGGIO

Abstract This chapter discusses some of the problems faced by parents whose
child is diagnosed with the orphan disease Tracheaoesophageal fistula (TOF)/
Esophageal atresia (OA). Effective management of this condition requires parents
to share in decisions about care. It is also essential for them to learn to care for
their child within the hospital setting and at home. The chapter discusses ways in
which they can become active partners in the care team by recording information
collected whilst caring for their child. This can then be shared with health profes-
sionals in order to ensure that decisions about care are based on the most complete
set of information. Parents and carers can also use technology to access informa-
tion about the condition and treatment and to gain support from people who are
dealing with similar problems.

Introduction

The author is a healthcare consultant with a growing interest in digital health-
care. She is also a nurse and an experienced (homecare) mother of a 21 year old
son with the rare (orphan) disease Tracheaoesophageal fistula (TOF)/Esophageal
atresia (OA). Caren has been an e-coach since 1999, a role that involves pro-
viding remote support concerning TOF/OA and its self care management via
phone/Skype to over 400 families. She also supports parents all over the world
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using sa such as Facebook, Hyves (a Dutch social network) and NING (an online
platform for people to create their own social networks). Her aim is to organ-
ize effective and safe self management in home and hospital situations and she
empowers parents to take the lead in collecting data. She is interested in work-
ing towards a culture change in TOF/OA healthcare by promoting decision mak-
ing that this is based on real-time data and information. Known as “the Young
TOF/OA child patient’s advocate” on Facebook, she is among the Top five nurses
who use Twitter in the Netherlands. In 2011, she won a ticket to TEDXMaastricht
for her work on Linked In. She has also made a movie about TOF/OA self care
management and the transition to adult care. Caren Kunst is the builder and
co-founder of EAT, a federation of European member support groups associ-
ated with the rare congenital condition of Oesophageal Atresia (OA) and/or
Tracheaoesophageal Fistula (TOF). In 2010, Caren won the Social Innovation
Prize, awarded by the minister of the Dutch Healthcare Government. This was
for writing a handbook entitled, “Selfcaremanagement Oesophagusatresia and
Tracheoesophageal fistula” (Goodcaresupport 2010).

Tracheoesophageal Fistula and Esophageal Atresia

When parents get a baby born with the orphan disease TOF/OA (Wikipedia 2012), they
are overwhelmed by emotions. First, just after birth the parents are happy with their child.
Suddenly they get very sad when they hear, “your child is very sick with an orphan dis-
ease”. They are immediately playing a triple-role in the (para) medical team, participating
in the (shared) decision making processes.

Caren Kunst

Babies born with TOF/OA require intensive neo-natal care prior to corrective sur-
gery, normally within days of birth. Some children have to undergo additional
surgical interventions later on in their lives. Respiratory distress and swallowing
problems will develop during the first hours after birth. If any of these symptoms
are diagnosed, a catheter will be passed into the oesophagus to check for resist-
ance. If resistance is noted, an additional medical examination will be undertaken
to confirm a diagnosis of OA. A catheter can be inserted and will show up as white
on a regular x-ray film, demonstrating the blind pouch ending. Treatment for OA
and TOF is surgery to repair the defect. If OA and TOF is suspected, oral feeding
is stopped and intravenous fluids are started. The baby will be positioned to help
drain secretions and decrease the chance of aspiration.

OA and TOF is considered to be an orphan disease because it affects a small per-
centage of the population, occurring in approximately 1 in 3,500 live births (Tracheo-
Oesophageal Fistula Support 2007). Whilst many children born with TOF/OA will
experience only a few problems, others may have (severe) difficulties with swal-
lowing, even with a repaired oesophagus. They also have problems with digesting
food. Some have chronic conditions which include (severe) gastro-oesophageal
reflux (where the acidic stomach contents pass back into the lower oesophagus)
and they may also have orthopedic, cardiac and/or respiratory problems. Surgery to
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repair the gap and fistula is rarely an emergency but is normally done within 24 h
of diagnosis. Once the baby is well enough for surgery, the oesophagus can usually
be repaired; the length of time of hospitalization varies from a few weeks to longer
than a year if there are other complications. A small proportion of these TEF/OA
children have more medical problems, referred to as the VACTERL (Wikipedia
2013c) (V: Vertebral anomalies; A: Anal atresia; C: Cardiovascular anomalies; TE:
Tracheoesophageal fistula; R: Renal (Kidney) and/or radial anomalies; L: Limb
defects). The care should be tailored to the unique requirements of each child.

Knowledge, Skills and Data for Better TOF/OA
Self Care Management

Most TOF/OA parents are unaware of the requirement to collect clinical data and
health information from the time of the child’s birth. They are too overwhelmed by
their emotions: having a very sick child, wondering how to organize a job in com-
bination with caring for their child, dealing with other children and worrying about
the care arrangements of the sick child. Parents also have to cope with the realiza-
tion that their child has a rare (orphan) disease and they may well be questioning
whether they did anything wrong, could it have been prevented and “why us?”

A few days after the birth, parents are more aware of the need to collect clini-
cal data and information about TOF/OA and its implications for their child.
Knowledge at that point is a blend of information from the (para)medical team,
family and friends, homecare workers and self care management. Parents are
ill equipped to take an active and effective part in this process. They often lack
knowledge, are under-informed (or informed too late) or are overwhelmed by
“information overload” concerning their new situation. Although clinical staff ask
parents for permission for surgical treatments, at this emotionally-charged stage,
without enough basic information, parents often feel that they are hopelessly reac-
tive—they are not equal partners in the decision-making process.

They asked me to say YES to the first lifesaving operation, but I was in a “never ending

(para)medical data and information-rollercoaster”. My wife was an emotional wreck, my

child was very sick and I had to decide. How do I decide without any data or information?
I’d never heard of TOF/OA...I could only say “PLEASE, do what’s needed!

Father of newly diagnosed TOF/OA baby,
relating his experience to Caren Kunst

Arranging TOF/OA Self Management

The active community of parents with TOF/OA children (located across the
world) communicate effectively using social media (such as LinkedIn, Facebook,
Twitter, wikis, video sharing sites and NING). They are quick learners, highly
motivated and can be regarded as “2.0 skilled”. They interact with one another
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and collaborate using the dialogue of new social media (termed Web 2.0) to cre-
ate user-generated content in a virtual community; this is in contrast to more
traditional websites where people are limited to the passive viewing of content.
The lack of care providers and dedicated IT experts on these TOF/OA platforms
is disappointing. They are frequently asked to take part, but they are not always
effectively connected. The parents are aware of the need to supply themselves (and
other parents) with trusted and validated clinical information about the treatments
for TOF/OA but they are also aware that the information collected by care provid-
ers and themselves cannot always be shared easily by digital means.

Parents using TOF/OA Facebook pages often ask if it is possible to have one
shared “partnership” health record (there is currently one entry for the use of for-
mal care providers, one for parents and one for the young adult child). Suggestions
include the use of different colors or fonts to clarify and confirm who had posted
a comment. Parents commented that even this may not have been necessary if par-
ents/patients had been included at the planning stage. Posting on Facebook pages
include the desire for such requirements as: management by parents and young
adult patients, a “folder of bookmarks”, a diary linked to the medical record of
care providers, a structured e-learning center, narratives of carers and a link to per-
tinent information that concerns the patient’s health, whether personal or clinical.

The Patient as a Stakeholder: Towards Health 3.0

In order for parents to fully embrace their role as a stakeholder, they need rele-
vant, trusted, open source data. They often voice concerns about the heavy reliance
on data for a multitude of purposes. Asking seemingly naive questions can lead to
new insights regarding care. Real-time feedback from parents of TOF/OA patients
and devices is leading to more accurate insights into conditions and the patient
responses to treatment. Integrated data and associated analytics are key to changing
the value base of care. Patient information, controlled by patients themselves, may
well become more commonplace. Meaningful use of this rich multi-dimensional
information is the final driver of the transition to Health 3.0 (the next generation of
healthcare). Health literate TOF/OA parents and new business models, underpinned
by changes to healthcare funding and service design, are empowering care provid-
ers [such as Dutch TOF/OA care providers (Erasmus 2013) in Erasmusmc Sophia
Childrens Hospital (Erasmus 2013)]. This growing wave of “creative disruption”,
supported by co-created technology, will be the forerunner of Health 3.0 where
cross-disciplinary teams deliver personalized treatment to fully engaged citizens.
Parents using the TOF/OA Facebook pages are aware that the global healthcare
system is shifting from a fee-per-service to a shared-risk model (mirroring moves
from episodic treatments to “joined-up care’). This new model involves both pay-
ment for outcomes and a greater degree of risk-sharing among the different par-
ties involved in delivery (including the TOF/OA parents). The impact of cloud
computing (Wikipedia 2013a) and global mobility (Rosen 2011) are also shaking
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up the healthcare- ICT supply market. TOF/OA treatment and diagnosis has tradi-
tionally been episodic and isolated, as has IT deployment, with staggered rollouts
of different systems, ranging from picture archiving and communication systems
(PACS) to electronic health records (EHRs). Interoperability and integration initia-
tives will involve a considerable amount of open data resources, shifts in mindsets
and different IT budgets. The traditional approach to IT deployment (roll out, fix,
integrate, update, fix) is also changing.

Some healthcare enterprises are already actively embracing the new capabili-
ties offered by Health 2.0 technologies, while others are being dragged towards
more agile technologies in order to accommodate the fast growth of associated
phenomena (mobile applications, wirelessly connected devices and social media).
TOF/OA health professionals still argue with parents that compliance and secu-
rity issues are barriers to cloud adoption but these objections grow weaker by
the day. Private data clouds can be made compliant (in the U.S.) with the Health
Insurance Portability and Accountability Act (HIPAA) and the Health Information
Technology for Economic and Clinical Health Act (HITECH). Regarding security,
privacy and confidentiality; there are strong arguments that data is actually safer in
the cloud than on devices (Davies 2013).

Parents as Information Providers

Reading through TOF/OA Facebook postings, it is obvious that parents are willing
to use technology as part of their role but they need transparency (Kelsey 2013).
TOF/OA parents have already suggested the use of video over the internet—par-
ents embrace the opportunity to talk with caregivers without being physically
present. When we consider TOF/OA care, technology has already altered the land-
scape from changes in syringe technology to the development of telemetry and
long-distance monitoring.

In discussions with TOF/OA Facebook users, parents confirm that it would
have been useful to collect data by way of personal IT tools (camera, phone)
on the day their child was born. Parents have to remember a lot of details in
order to understand what happened before, during and after birth, the current
situation and what was happening when symptoms occurred. Parents need to
recognize TOF/OA complications and how to deal with them. In the meantime,
they also have to learn a lot of skills to care for their child at home and in the
hospital. These skills are necessary to enable themselves (and later, their young
child) to become an active and responsible partner in the TOF/OA care pathway
and to make the best decisions to cope with the long term complications of a
TOF/OA. The Facebook parents could have made effective use of a pre-struc-
tured personal record that was able to collect and contain all (para)medical, care
and health-related information. Such a record could take a structured form with
space for unstructured notes (for example, diary, pictures and relevant links to
the internet).
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TOF/OA parents often forget to examine the healthy parts of their child.
Normally a child develops socially, mentally and physically, step by step, to a
young adult. Healthy children get several screenings, mostly conducted in the pri-
mary healthcare system. But when the sick child is in hospital, all screenings are
carried out by healthcare professionals, often when the parents are not present.
Data about vaccinations, screenings, measuring of the scalp, measurements con-
cerning length and weight and so forth are recorded in a digital or analogue medi-
cal file. Most parents are unaware of any gaps in this clinical data. They miss the
data and they are usually unaware of how useful this can be at a later stage in the
life of the child. The healthcare system and the providers are often not aware of
the value of informing parents about the screenings and the importance of collect-
ing clinical data.

The Need for Transparency

Advancing homecare technology is becoming an important part of parental
TOF/OA care. With the pace of change and innovation increasing exponentially,
TOF/OA parents need to embrace these changes, be connected and use advanced
tools. Some parents still encounter care facilities that record information on paper,
but their numbers are decreasing. When collecting digital and paper versions of a
child’s medical data, parents may also wonder:

e What does the law say about a parent’s rights to obtain copies of the child’s
medical records?

e What does the law say about being required to pay for copies and not receiving
the original?

e What can be done about mistakes (wrong or missing data) in the medical records?

e Why do most doctors not want patients to have their data?

Some parents report that they have obtained the records with no problems, but
more frequently parents are being blocked in their attempts to get them. It is a
topic discussed frequently among parents on Facebook: that despite having all
the requisite paperwork signed, hospitals (in particular) do everything in their
power to keep the records. Most doctors believe that they are the owners of medi-
cal records. In fact, one study (3,700 doctors in 31 countries) showed that only
31 % of doctors think patients should have full access to their records. Most of
the remainder thought it was permissible for patients to have some limited access.
4 % stated that they did not think patients should have any access to their records
(Fisher 2013). Transparency means sharing three types of data:

e Big data: clinical quality measures, survival rates from international clinical
audits of (para)medical specialties (Healthcare IT News 2013)

e User data: where the parent TOF/OA is the source of information (for example,
the UK’s National Health Service (NHS) is rolling out a new “friends-and-family”
service to see whether patients recommend services to loved ones)
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e My data: personal information that empowers the individual to organize their
self management.

If parents and care providers gain experience in shared decision making for eve-
ryday TOF/OA health problems, both parties will develop and be ready to share
decision making when bigger issues are at stake. However, this will not happen
without a significant culture shift by patients and care providers. Doctors and
parents must accept a new and more engaged role for the individual, where the
parent’s voice is better heard and the patient’s choice is better honored. TOF/OA
parents are empowering themselves to achieve a high level of knowledge, skills
and experience, as a result of sharing practical experiences, clinical data and
homecare information on the internet. Facebook parents claim that social media
and the internet play an important role in organizing their child’s safety, with
regards to quality of life and follow-up care. Their needs are challenging the
healthcare system to facilitate them.

Starting a Dialogue About Sharing Information: 10
Questions

The dialogue about shared care starts with the realization that while specialists’
qualifications and experience are important, they must also support parents and
other care providers to record information when they are delivering self care. The
dialogue about achieving a partnership to create the best management of care can
be started by way of these 10 questions, like:

1. What are the typical questions TOF/OA parents have when they come to this
clinic, in the first 24 h (or whatever time period)?

2. Do care providers know how to find the answers to those questions and do
they have a genuine interest in talking with the parents within and outside
their clinic?

3. Does the care provider at the self management support helpdesk really care
about what is happening?

4. Do care providers have any awareness of what patient education/empower-
ment/shared decision making means?

5. Can the TOF/OA website of the children’s hospital clinic be better utilized by
extending its reach to diverse specialists in related domains?

6. What type of E-Dialogue tools could be added to the website for the benefit of
2.0 patient education, empowerment etc.?

7. What makes TOF/OA parents an “ideal shared decision team” for the clinic?

8. How could the TOF/OA staff members communicate consistently with new
parents in order to facilitate working as a team?

9. Which conditions and underlying causes are being considered?

10. How easy is it for anyone to find the clinic website without knowing any of
the physicians or the name of the clinic?



170 C. Kunst

How to Deal with the Healthcare-Culture Phenomenon
(Brown 2013)

Parents not only need a wide bandwidth to transfer digital information about
complex medical phenomena but also require direct 1-to-1 interactions in order
to tackle complex cultural-phenomena. There needs to be genuine communication
between parents and the healthcare professionals, even though this may go against
cultural norms. Parents have said that “Surgeons are mostly fixers, but less com-
municators” (Becker 2010). It is important to recognize that sharing is caring—
there is little point in developing an impactful collection of data if nobody shares
it. When data is used to describe the quality of life and self care it usually relates
to (discrete) aspects or attributes of a service or product in healthcare. However,
there are still no measurement tools that are suitable for the observations made by
TOF/OA parents. Although the information supplied by parents is often difficult to
quantify, it should not be considered any less valuable.

TOF/OA Parent’s Outcomes Matter: Trying to Improve the
Systems with Processes of Patient-Centric TOF/OA Care
(Wikipedia 2013b)

Parents often say that TOF/OA care providers still follow very traditional rules,
procedures and power-relations. Health professionals have little financial incentive
to do things differently and their institutions are often organized in a way that dis-
courages true innovation. Some TOF/OA surgeons, who are also managers of their
surgical department, are placed in an ethical dilemma: being a financial manager
within the academic setting or competing with other (international) institutions
to provide the best TOF/OA care. However, professionals can’t provide effective
TOF/OA healthcare alone. Patient-centric TOF/OA care is a label that acknowl-
edges the centrality of focus on the TOF/OA patient’s needs but which may inad-
vertently invite a distorted view of professional work. Health outcomes are related
to the professionals and their work and the natural history of the relevant TOF/OA
disease biology (and genetics); they are also though related to the support given by
parents. A conversation about how real life outcomes are produced is fundamental
to attracting professional and parental participation in the process of change.

The co-creation processes of designing, introducing, evaluating, and re-design-
ing TOF/OA care (together with TOF/OA parents) is achieving improvements in
the rare disease care systems. A culture of trust and respect is called for and sur-
geons need to embrace competencies required to work with parents and ensure
that these are continuously nurtured. The Dutch Chairman of Childsurgeons
(Erasmus 2013) has written about the need to change to patient-centric ways of
working, particularly with patients who have orphan diseases. Together with
Caren Kunst, he won the Social Innovation prize, in April 2010 (GSK 2011). 2.0
TOF/OA parents are becoming better informed and have increasing access to the
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clinical records data and use this to become better carers who are willing to take
responsibility for the care of their child’s health. TOF/OA care providers should
embrace these developments, as patients with TOF/OA who self monitor will
probably need to see a doctor less often than those who do not. Adapting to the
new technology has not always been straightforward and parents have told their
stories of “suffering and eventful success” on Facebook. Care providers have to
work with them to organize structured self care management. In time, there needs
to be a dialogue with a healthcare record provider who can be a true partner in
supporting the TOF/OA care team. The requirements of each party are becoming
clear in terms of what each person in the shared decision making process needs to
do their job. The eventual shared record will provide content for educating patients
and professionals. It will have open source content that is accessible for parents
and patients, and facilitates collaboration between clinics as appropriate.

Transition to Adult Care

During the time that a young adult patient is transitioning to adult care, they require
more support from care providers. It is a big challenge for young adults to get the
attention and support that they need to organize their self management. Parents
also need to “let go” in order to let their child develop. Care providers in adult
care know less about TOF/OA and are not aware of the self management issues
of young adults. It can therefore be more difficult to spot problems because young
adults often change care providers several times during the process of moving from
pediatric care to adult care and the associated medical data may not be passed on.
Technology is now offering a way of collecting and effectively organizing informa-
tion, ensuring it can be passed on when a patient moves to a new care provider.

When a young adult is not sure about the impact of the disease TOF/OA on
their life, it can have a negative impact on activities such as studying, looking for
work, forming relationships and so forth. A young adult with TOF/OA does not
just have physical disabilities; they also experience disabilities in daily activities
and have problems participating in activities such as sport, school and social life.
Such influences as personality, age, lifestyle, social and cultural background may
affect the way a TOF/OA patient’s experiences (in both childhood and adulthood).
Technology provides a way not only for a young adult to record data, participate
in their care and access information, but also a powerful means of connecting with
other young people who are facing similar challenges.

Conclusion

This chapter has described how technology can empower parents whose child is
diagnosed with the rare disease Tracheoesophageal fistula (TOF)/Esophageal
atresia (OA) to become active participants in their child’s care. It is clear that the
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methods of doing this are in their early stages and there are many barriers to be
overcome, including some resistance from healthcare providers. It is also clear
that the advantages of empowering parents and patients outweigh the challenges
involved and the issues discussed in this chapter are also relevant for people living
with other rare diseases.
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Vignette: MPSIIIA (Sanfilippo)

Roy and Zezee Zeighami

i

Our family’s journey with rare disease began with a chance discovery of some
minor bone irregularities in our then three year old son, Reed, at Dallas Scottish
Rite Hospital in December 2010. I still recall my wife, Zezee, coming home that
day and mentioning it to me. Zezee mentioned that the radiologist said that he may
have a “storage disease”. Zezee said she asked the doctor, “Will it kill him?”” and
noticed the person pause before they said, “No, whatever it is, it’s minor and pos-
sibly managed with a change in diet”. It wasn’t minor.
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We found over the ensuing weeks that Reed was born with MPS IIIA, also
known as Sanfilippo Syndrome. Children with Sanfilippo develop normally up to
the age of 3 or 4 and then slowly regress, losing all their skills (talking, walking
and even eventually eating). The average lifespan of an affected child is 15. Like
all lysosomal storage diseases (LSDs), Sanfilippo is caused by a missing enzyme.
Unlike some LSDs, Sanfilippo is primarily a disease of the central nervous system
(CNS). Getting the missing enzyme to the brain is hard, a problem that hasn’t yet
been solved.

I must say that I hesitated to write this story because all good stories have a
start and a finish. My hope is, if I have done my job and we get lucky, we don’t
yet know how the story ends. It is a fact that society is on the leading edge of an
explosion of treatments for genetic disease like Sanfilippo. Too many stories that
make headlines are happy stories but that is far from the reality that faces most
families affected by a rare disease. With 7,000 diseases and only 400 or so treat-
ments, stories of struggle are bound to outnumber stories of triumph.

Our crusade has taken us to Congress, the UN Complex in Geneva, the FDA
and to various pharmaceutical companies around the country. The message has
been simple: we need more and better treatments and we need them fast.

Our first hope for an approved treatment for Sanfilippo is intrathecal ERT
(enzyme replacement therapy). Shire HGT launched such a program in 2010,
just before Reed was diagnosed. On the day of his final diagnosis, we researched
online and found a clinical trial with sites in the UK and Amsterdam. Of course,
we offered to move to Europe and participate. Unfortunately, the company only
allowed involvement from children in participating countries. While the logic
made sense, it didn’t make it any easier for us to accept. I flew to LDN World, the
largest annual medical conference, to try and find someone who knew more. I met
an official from the company that explained that there was no flexibility and was
told that compassionate use would not be an option, as it was far too early in the
development of the therapy to consider expanded access (efficacy had not been
established, let alone safety). To add insult to injury, I was told that Shire had tried
to open a US trial site and was rejected. So, I went home to Dallas dejected.

When I got an offer a few weeks later to go to Washington, I decided that I
would try to line up a visit with someone at the FDA. I got into see Dr. Tim Cote
who was the director of the Office of Orphan Products. I posed the question to him
of why the FDA did not allow a trial site and whether they would stand in the way
of compassionate use. He wouldn’t comment on the trial itself but said that FDA
typically did not stand in the way of compassionate use. He proceeded to call the
medical director from the drug company and tell him that they would like to see
our son gain access to the drug. Honestly, it was surreal. I left the FDA thinking
“problem solved” and flew home to Dallas, pondering my next step. I made my
mind that I would put Reed on a plane, fly him to North Carolina and discuss com-
passionate access with Dr. Joe Muenzer. He was supportive and said that he would
do it for us. Dr. Muenzer suggested that I let him contact Shire and get back to me.

I worked for Cisco and had senior executive support for our cause. I relayed the
story to Randy Pond, our EVP of operations and penned a letter to be signed by
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Randy and our CEO, John Chambers. To this day, it is hard not to cry when you
read that letter. It asked that Shire allow Cisco to move us to Europe or find some
way to allow Reed to have access to the drug outside the trial. It was stunning
and, I was sure, bound to have an impact. You just can’t get a letter from someone
like John and not respond. Our response came in the form of a phone call directly
to our house phone from the president of the Shire HGT division, Dr. Sylvie
Gregoire. Dr. Gregoire said that they could not let us into the trial, as the patients
had already been selected. She said that the trial would wrap up in early 2012
(which it didn’t) and that they would not forget us for the next phase. Further, she
said that if—for whatever reason—he didn’t fit the protocol, they would consider
compassionate use. That was a hope that we clung to.

Perhaps the second worst day since Reed was diagnosed came at a medical
conference in Geneva, Switzerland. There we met Professor John Hopwood in per-
son. I'd actually spoken with him by phone soon after Reed was diagnosed. He is
a Professor in Australia and a top researcher for Sanfilippo. At the conference he
dropped a bomb. They had just completed some mouse studies and found that the
mouse models no longer responded to therapy if it was begun after the animals
showed symptoms. This was very bad news. Of course, my hope had been that
it was just a matter of waiting that that Reed would eventually get treated. The
hope was that we could (at the very least) stop the disease even if he had lost a bit
before that happened. For the first time, I was faced with the reality that perhaps it
wouldn’t work out. At that meeting, I also met Drs. Doug McCarty and Haiyan Fu.
They were developing a gene therapy that would treat the brain and body with a
single intravenous injection. A cure sounded good but I couldn’t think about it and
how long it would take to get that therapy into the clinic.

As we waited for some sort of trial site to open, I spent my time speaking to
Pharma companies and advocating for legislation to accelerate the approval of
treatments for rare disease. There are multiple approval pathways within the FDA
to get a drug approved for a condition. The traditional pathway involves multiple
trial phases with a final so called “pivotal” trial that shows clinical efficacy of a
drug. Clinical efficacy is a high bar because it requires showing a statistically sig-
nificant clinical benefit for a patient before the drug is allowed to be sold. While
that sounds good, this may be very difficult to do for a small population of het-
erogeneous patients. Further, many diseases evolve so slowly that proving clinical
benefit could take years. One example of that is Sanfilppo Syndrome type C, where
a measurable decline in patient cognitive ability may take half a decade. Couple
that with the amazing rarity of the disease (1 in 1,000,000 births) and that would
make developing a therapy difficult indeed. I spent a lot of time working with Dr.
Emil Kakkis to get new legislation passed to allow the use of surrogate endpoints
for rare disease (they have historically only been used for cancer). The language
was incorporated into a bill called ULTRA, which was later re-labeled FAST. In
the Summer of 2012, the language from the FAST/ULTRA was incorporated into
FDASIA which was a “must pass” bill that sailed through Congress.

In October 2012, I was awarded with one of the first annual Rare Voice awards.
The biggest honor to me was having the award presented by John Crowley. At
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that meeting John told me that he was coming to Dallas and mentioned that he
would like to come by our house and visit Reed. We learned at the summer 2012
MPS Society conference that, unfortunately for us, Shire would seek very young
patients for the next phase of their study (so young, in fact, that they probably
hadn’t even been diagnosed yet).

In light of this fact, I went back to Doug McCarty, the researcher at Nationwide
Hospital working on gene therapy and asked how I could help push their drug
into the clinic. The hospital worked with Al Hawkins, a local entrepreneur, and
licensed the technology for both MPS IITA and IIIB to him. When John made it up
to our house, he offered to take a look at the research in flight with me. I showed
him the preliminary mouse data from the Dr. McCarty’s gene therapy and he was
impressed. I also asked if he would mentor Al with a short phone call and, as John
does, he went above and beyond. John offered for me and Al to take a trip up to
Amicus (Cranbury, NJ) and to make his team available to us. We met with John
and many of his senior leaders and explained our plan for the company. Abeona
Therapeutics was founded in March 2013 and will be focused on the sole goal of
delivering systemic AAV9 gene therapy to children with MPS IITA and IIIB. The
outcome is uncertain but, as John said, we will beat nature but will we beat time?

That chapter of the story is yet to be written.



The Empowered Patient in the Health
System of the Future

Frank Grossmann, Daniela M. Meier and Therese Stutz Steiger

You’ve got to do your own growing, no matter how tall your
father was

IRISH SAYING

Abstract This chapter outlines the work of a Swiss-based organization which
focuses on drug development for rare diseases as well as acting as a support hub
for patients and their families. The organization operates as a matchmaker in an
innovation network, promoted by its patient empowerment program, which moti-
vates rare disease patients to break out of their isolation and be actively involved
in their treatment. The chapter details their approach which proposes the active
integration of patients as a full partners into the healthcare process. We include
two brief case studies which illustrate how the organization works with patients.

Introduction

There are more than 6,000 diseases which are considered to be rare. A disease is
considered rare if less than 1 person is affected per 2,000 inhabitants. By compari-
son, 88 people are affected by Type 1 diabetes and 5 persons in 2,000 suffer from
cardiovascular disease. The 6,000 rare disorders are diverse in their symptoms,
exist worldwide and nearly 1 in 12 people’s lives will be affected (not including
their relatives and friends). As there are at least 250 million affected globally, rare
diseases as a whole can hardly be considered rare.

As each individual rare disease does not always call for huge quantities of
drugs, they have not always been of major interest to the big pharmaceutical com-
panies. Large pharmaceutical companies cannot always profitably produce and
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commercialize small amounts of specific drugs across different countries. The
problems associated with a rare disease, such as Moyamoya (which paralyses chil-
dren due to stroke and keeps them disabled) are compounded by being ignored
by pharmaceutical companies. Silje, 11 years of age from Norway, suffers from
Moyamoya. Her mother told us that: “After Slije was diagnosed with Moyamoya
disease, it was a shock for us and a major crisis, as they made it clear, our child
was very very sick, and there was no therapy”. Ignoring such diseases is akin to
children being abandoned by their parents. The term orphan disease is appropri-
ate for such rare conditions and has been firmly established in recent years. Due
to increasing intellectual property being derived from research on these disorders,
this new knowledge could be used as a bridge for many other avenues of drug
development. The research and best practice from rare diseases could be applied to
other diseases and even widespread conditions (fundamental diseases).

Despite the plethora of definitions, the same challenge remains. It is envisaged
that the global efforts of dedicated individuals and institutions (including patient
organisations) would contribute to future research. This would facilitate a better
understanding of the rare disease population leading to less suffering for the vic-
tims and ultimatley affordable therapies.

What Makes It So Difficult?

The chances of a timely diagnosis for orphan diseases unfortunately remain far
too low. Few competence centers (Centers of Excellence) exist and patients must
struggle to survive with little or no professional guidance. This scarcity affects
many sufferers enormously— patients (and their families) feel extremely isolated
due to their unfortunate diagnosis and additionally feel downtrodden and over-
whelmed. They become even more isolated from the health system due to their
predicament. Physicians are insufficiently trained and, even if a diagnosis is made,
the patient and their family are often left to fend for themselves.

Wider society is still largely unaware of orphan diseases, which leads to misun-
derstanding and discrimination. Patient organizations operate with a narrow remit,
often disconnected and independent from one another—knowledge sharing is not
always as efficient as it could be. The focus for dedicated organizations is on their
own disease and this results in knowledge silos— organizations do not always
work together or network effectively to confront the main challenges concerning
orphan diseases as a whole. The lack of this wider perspective means that issues
are unable to be addressed jointly.

It seems logical that patients and their organizations work together and speak
out with one united voice against political and business concerns. Umbrella
organizations such as EURORDIS (a non-governmental patient-driven alliance of
patient organizations in Europe), the Allianz Chronischer Seltener Erkrankungen
(ACHSE) in Germany and the Canadian Organization for Rare Disorders
(CORD) are well known and active in the field. Entities such as Allianz Seltener
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Krankheiten-Schweiz (ProRaris), created as the umbrella patient organization for
Switzerland in 2010, are still evolving and have yet to cooperate with others.

Orphanbiotec Foundation

The Orphanbiotec Foundation (Research Foundation Orphanbiotec) is a recog-
nized humanitarian foundation (non-profit and tax-exempt) for people with rare
diseases. Registered in Zurich, the Foundation‘s aims and objectives include:
funding of research and development of new drugs for rare diseases, expansion
of the necessary competence network, interchange of knowledge concerning rare
diseases as a result of international partnerships, providing a platform to exchange
knowledge and ideas for researchers, raising public awareness and mobilizing the
active involvement of patients and their families. The Foundation is working on
alternative solutions to finance research and the development of drugs for the med-
icines of tomorrow, in order to offer affordable and effective medicines.

The Engaged Patient: From Reactive to Proactive

Patients often struggle with being ignored by their healthcare systems, which can
result in a passive and resigned attitude. It is no wonder that, over the last 40 years,
healthcare systems around the world have nurtured amenable, cooperative patients
who willingly receive and accept therapies and medications from their entrusted
prescribing physician. This level of trust means that patients are viewed as custom-
ers, who are discouraged from disagreeing with healthcare professionals or having
their own opinions concerning their own treatments. They have no voice and are
asked to dutifully swallow their pills with no questions asked.

The Traditional Doctor-Patient Model

This classic top-down nature of the “doctor-patient” relationship does not nec-
essarily work for orphan diseases. Things began to change as healthcare profes-
sionals, despite experiencing a massive information overload in general medical
knowledge, still could not find appropriate diagnoses and answers for rare con-
ditions. Rare disease patients and their families (customers) had to become more
actively involved if they wanted to survive. As patients became more informed,
they rapidly connected with others in a similar predicament, a situation which was
enabled via the increased global growth of the internet. This enabled them to pro-
pose their own solutions and alternative therapies—they gave themselves a voice.
Such innovative and necessary patient-led activities have made an important con-
tribution to the increasing “democratization” of healthcare systems.
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The prevalence of the internet and increasing levels of health literacy mean that
patients are able to find out much more about their disease and can readily identify
key experts for further advice. Under a traditional health system, the chances of a
suitable rare disease treatment option are slim as governments and private institu-
tions struggle with massive cost increases. The focus over the last 40 years has
been more on profits—medical feasibility was the holy grail versus medical neces-
sity based on the needs of the patients.

Various players (such as large pharmaceutical cooperations, hospitals and
some specialists) have benefited from this legacy and ensured that its evolution
would grow to be more complex and expensive. In the meanwhile, some gov-
ernments have realized that urgent cost cutting is needed. Such a provision was
seen in Germany in 2011 when the Act on the Reform of the Market for Medicinal
Products (Gesetz zur Neuordnung des Arzneimittelmarktes—AMNOG), was
passed, with the Parliament condemning expensive medicines. In the UK, age lim-
its were set for treating certain diseases to the point of slashing certain therapies
altogether (including some rare cancers). Nevertheless, the cost explosion due to
the increasing aging population is expected to persist.

Is there still sufficient financial leeway for even more ailing and needy indi-
viduals? The few approved drugs after 30 years of legislation in the US (via the
Orphan Drug Act 1983) are termed “orphan” as they only treat a single rare
disease and are deemed disproportionately expensive to develop. The costs of the
drugs often mean that healthcare providers, even in wealthy countries, refuse to
pay for them. The fact remains that rare disease sufferers want and need a proper
therapy but lack a resource base (including researchers and financiers) to meet
their long term needs.

Switzerland as an Example

Switzerland illustrates a suitable example of the typical problems faced by rare
disease patients and their families. The country has one of the most sophisticated
health systems in Europe but still lacks a government-supported national action
plan for rare diseases. By way of example, families of children who suffer from
the disease Niemann-Pick (a rare and terminal neurodegenerative disease) cur-
rently need to submit a new request each year for reimbursement via social
security (due to the fact that health insurers refuse to cover the cost of the life-
extending and extremely-costly therapy). This reimbursement approval arrives
every year and is often regarded as a “Second Christmas”—conversely, if it does
not arrive, it is considered to be a “Death Sentence”. This practice applies in
Switzerland but is replicated in many other developed countries and demonstrates
the potentially devastating ramifications of assessing patients by way of a simple
cost-benefit calculation.
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Beyond Traditional Approaches

Social Entrepreneurship

As a newcomer to the rare disease field, Orphanbiotec opted for a sustainable
approach which attempted to challenge the existing structural problems of current
systems. It operates under a holistic business model which combines the not-for-
profit sector with social entrepreneurship. Not-for-profits (and charities) have tra-
ditionally possessed the necessary focus to raise funding to match targeted needs
(gaps) which governments and business communities were unable to fulfill. These
gaps (much like orphan diseases) were overlooked in favor of the more quick,
profit-making, commercial interests. Encouraging continuous consumption over
the past years warranted companies to assume the responsibility for their business
operations. Some not-for-profit organizations have learnt from the commercial
sector how to better produce their products and services in the most efficient way
in order to help those in need. Thereby, a gradual convergence evolved between
both sides: the notion of the responsible or so Social Enterpreneur.

Social Entrepreneurship is not an invention of our time as such types of businesses
existed hundreds of years ago. On the Hawaiian Islands, the indigenous people always
fished and harvested cooperatively by sharing their catch and harvest with one another.
In 1860, we have the remarkable efforts of Florence Nightingale, who constantly
fought the establishment and created the first professional training school for nurses in
the UK (the exemplar for other schools around the world). In 2006, Prof. Muhammad
Yunus (a supporter of Orphanbiotec’s Black Nose campaign) was awarded the Nobel
Peace Prize for his pioneering work on microfinance which has changed the lives of
more than 100 million poor women worldwide. Such models of cooperative trade and
responsible business practices form the basis of Orphanbiotec’s work.

Combining Models

The Orphanbiotec business model assumes on the one side that our healthcare sys-
tem today is currently not able to face the challenge of supplying therapies and cut-
ting costs, and is being pushed to its financial limits. On top of this we have around
6,000 rare diseases awaiting modern therapeutic innovations. The traditional phar-
maceutical industry must keep shareholders satisfied with respect to blockbuster
drugs (medications with greater than $1 billion revenue annually) and profit expec-
tations. Against such pursuits, in 2009, Orphanbiotec adopted a twin-pronged
approach (in 2011, winning the SEIF-Swiss Social Entrepreneurship Initiative &
Foundation Start-Up Award and Nominee of Swiss W.A. DeVigier Prize 2013):

e a not-for-profit foundation (a spin-off) which is in direct contact with patients,
increasing their empowerment

e socially-responsible company which develops affordable therapies and medica-
tions for orphan diseases at a lower cost in a sustainable way (depicted in Fig. 1).
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Fig. 1 Orphanbiotec foundation’s business model

Comprehensive Action

New ideas and approaches to certain rare diseases are evaluated within the
Foundation’s competence center and, after a successful proof-of-concept stage, early
financing of pre-clinical development is secured with the assistance of professional
low-profit partners and responsible investors. The first “for profit” partner has been
established and is now developing new and innovative medications with a focus on
rare diseases. All for-profit players have limited return expectations and further pro-
jects will be financed and developed from the revenues of the initial project.

The collectively-developed medications for rare diseases remain financially-
feasible for the payer thanks to this philanthropic approach and engagement. This
approach is also economically viable to all partners therefore offering concrete
opportunities to achieve mutual goals. The involved for-profit partner acts like a sus-
tainable partner and pays an annual financial benefit back to the Foundation from
the revenues of the projects. This is described as a Social Return on Investment (and
can be seen in Fig. 1). This payment will be used to kick-start new projects creating
a virtuous cycle that will lead to more promising avenues for rare diseases.

Holes in the Swiss Cheese

The Orphanbiotec Foundation was established in Switzerland—*"“the little island
in the middle of Europe”—known not only for the highest per capita income and
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exceptionally high quality of life standards but also for having one of the most
expensive healthcare systems in the world. The majority of patients in Switzerland
have been over-indulged for a long time and politely await solutions from actors
and service providers in the healthcare system. As this wait never ends, even for
Swiss rare disease patients, Orphanbiotec decided to empower them.

Switzerland has nearly 500,000 patients affected by a rare disease. Other
countries in Europe have earmarked legislation, action plans and some incentive
models for rare diseases. In Switzerland, the government has only recently become
aware of the potential issue of rare diseases due to the action of a sole member of
Parliament. Orphanbiotec and its pro-bono staff work with persistence and commit-
ment to navigate a carefully organized “Alpine route” (a trail through difficult ter-
rain, sometimes with no obvious path) to ensure that rare diseases will no longer go
unnoticed or remain invisible (like the famous holes of Swiss Emmental Cheese).

Towards Bottom-Up

A patient would traditionally wait for information from the doctor or health care sys-
tem, but a person with a rare disease cannot always afford to wait. Instead they have
to rely on new social media, patient and personal networks and the Internet—without
these outlets, they may never receive answers and feedbacks. Many patients on the
pathway to a diagnosis and looking for a treatment have gained a wealth of experi-
ence compared to conventionally trained doctors—they are often more expert in their
condition than their doctor. If a patient is active and empowered, doctors can learn
and profit from their experiences. Who though empowers whom? (Lancet 2012).
Patient engagement and integration is a key factor for developing new therapies
for rare diseases. Not only does valuable “know-how” flow inwards, but patients
also feel more understood and are motivated to work together to find a solution.
Foundation Orphanbiotec understands the importance of patient engagement and
integration and applies this to the affected patients (and their families) on two lev-
els. On the first level, their experiences and needs are heard within the competence
centers and patient advocates are involved in key steps of new drug development
projects. Secondly, the Foundation actively connects those affected individuals and
encourages collaboration among themselves by way of its patient empowerment
program “Little Orphan EIf’ (see Fig. 2). The Program spans the following aspects:

self-management program to help gain self-confidence, new abilities and strategies
how to control and live with symptoms, fear and stress

motivation training to learn self-efficacy, decision-making and action planning
day-to-day management and solving problems

how to maintain and increase quality of life.

In order to encourage patients’ participation, Orphanbiotec hosts an approved
online forum. The forum is a way for participants to share ideas and experiences—
this creates a community of trust and a self-initiative (evidenced by an increasing



184 F. Grossmann et al.

number of visitors and active participants). The forum’s support is accompanied
by the “Little Orphan EIf’ program which relies on the inherent ability of people
to trust and engage with each other.

Patient Empowerment

How to Become an EIf

Human nature encourages us to meet face-to-face in order to exchange experiences
with one another. For people living with a rare disease, this is often limited due
to health conditions. The “Little Orphan EIf” (Elfen Helfen® in German) patient
empowerment program helps to overcome these hurdles by offering not only free
specialized transportation to their social occasions. The program is set up as a cas-
ual and supported event that is lively and light-hearted in nature. Those affected by
rare diseases can meet up with one another, exchange ideas with experts and moti-
vate each other, irrespective of each other’s unique health conditions.

The program also targets close family members and friends whose own lives
have been affected by rare diseases and allows them to listen, learn and gain sup-
port. “Little Orphan EIf” organizes social occasions where each affected person
is assisted by an EIf (a person who listens, supports and engages participants).
Everyone who joins the program can turn into an EIf when they are active and
supportive to others. It empowers people from being passively affected to being
actively engaged in the healing process of others. Being an Elf is therefore a piv-
otal part in the healing and support process for all.

The patient empowerment program has been financed through private dona-
tions, corporate and social responsibility (CSR) partners. It is expected to include
EVIVO-style (www.evivo.ch) patient-to-patient coaching in the future. “Little
Orphan EIf’s” initiative to start coaching is inspired by successful experiences in
increasing the quality of life for other disease areas such as diabetes, obesity, rheu-
matism and mental illness. Many international studies show that a patient can and
must take an active role in their own health management in order to increase their
health improvements (The Health Foundation 2011; Osborn et al. 2010; Osborn
and Squires 2011) (the core role of the Health Care Management Program, see
Fig. 2, the Empowerment of the Patient).

Patients can be Teachers

If the affected patient and their family are motivated and ready to join the “Little
Orphan EIf” Program, they must acknowledge that they play an active and direct
role and should be involved in their own health improvement. The goal is to motivate
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Fig. 2 Health care management and patient empowerment

them to participate and help grow a “Knowledge Management Exchange” with other
affected individuals, to gather their experiences and share them. Even though the ill-
nesses are different, they bring similar struggles. It makes little sense to collect and
develop 6,000 different ideas and solutions as many patients have the same questions
and challenges (Osborn et al. 2010; Osborne et al. 2004; Lorig et al. 2012).

For example, patients with cancer can share tips about dealing with side effects
of chemotherapy and people with pain symptoms can talk about what distracts them
from the pain. The same holds true for many families whose children are confined to
a wheelchair who can share stories of how they cope with the same daily problems
(Osborn et al. 2010; Osborne et al. 2004). A motivated and mobilized patient can
decide to take the next step to develop into a Coach in order to impart their expe-
riences with fellow affected patients. If affected individuals can be directly mobi-
lized and engaged, this increases their chances of experiencing an improvement in
their quality of life, due to the improved mental, emotional and physical benefits of
engaging in this type of activity (The Health Foundation 2011; Osborn et al. 2010;
The Health Foundation Evidence 2011; The Health Foundation Snapshot 2011).
The Program, and accompanying initiatives, has no additional expenditures for the
healthcare system (which is already struggling with their increasing costs).
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Need as a Chance

Based on our own experiences within Switzerland, winning over patients to
empower themselves is a new and difficult approach as the level and quality of
conventional care is high and patients bestow a lot of faith in the healthcare sys-
tem. However, this care is not holistic since it is not always focused on patients’
personalized needs, their wishes and specific opportunities for improvement. It is
not designed to listen to the patients’ voice (essential in our view), nor does it ask
the family or social network to support their efforts; the emotional situation of the
patient is not considered.

We would advocate that patients need to be involved in the process of changing
the current way of care delivery by interacting with all stakeholders to get their
voice heard. Too often they discover that their fellow sufferers reside in another
country or on another continent. When many individuals are engaged a group can
be formed and can gain a powerful voice. By making use of the online forum,
patients in Europe can network across borders; via the “Little Orphan EIf’ pro-
gram, a shift in mindsets can be achieved, empowering patients and families to
participate in valuable knowledge sharing.

Everyone Else’s Platform

Awareness Campaigns

Empowering affected societies is an important milestone for the Foundation in
order to combat the various issues associated with rare and orphan diseases. With
the help of several pro bono partners, the concept for an awareness campaign was
developed (one that was easy to understand and easy to translate across the globe).
The “Black Nose” campaign (www.black-nose.org) gives those affected by rare
diseases a voice and a face and encourages everyone directly affected (and those
who are not) the chance to get easily involved. The international campaign serves
to impart awareness and knowledge on rare diseases and stimulate broad commu-
nity involvement.

Bridging and Transmission

The Foundation connects various key stakeholders, does not compete while adding
value and remains unique with this approach. National organizations and special-
ists will be deeply involved due to their know-how and involvement in the pro-
jects. In addition to the coaching program, the foundation aims to meet the diverse
needs of people with rare diseases. It is hoped that as the program is shown to be
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successful, it will be rolled out to other countries and further adapted to fit local
customs and needs.

Re-empowering those affected pre-supposes that this provides the necessary
energy to enable those affected to move out of isolation. Only then can true re-
empowerment be addressed. Patients’ integration and mobilisation allows them
to be autonomous. Providing help to others can be the driving force that can be
passed from one person to the next. Fittingly, the teacher can teach others. A resil-
ience study with our reasearch partner will follow and support our coaching pro-
gram. This will ensure the quality of the program, improve the quality of life for
patients and bring cost savings to the healthcare and social systems. We will also
involve some experts who can explain how the program works.

Example 1
Engaging with others provides a positive twist to their own struggle

Daniela M Meier
Dr Daniela M Meier is a co-partner of Foundation Orphanbiotec, which imple-
ments and develops patient-to-patient coaching.

The Orphanbiotec Foundation is financed by donors and sponsors and is sup-
ported by numerous volunteers who work enthusiastically for its various initia-
tives. What motivates them to get involved and become active? People who were
affected by an orphan disease —as a patient or as a relative—would usually con-
firm that their physicians could not cope with their situation, that even in a hos-
pital, medical specialists were unable to provide adequate care and that none of
the patient organisations were an ideal fit for their case. Having struggled through
their issues (like a lone fighter) they are keen to share their experience and know-
how and prevent others who are affected by an orphan disease from re-living their
seemingly endless circle of frustration. They find it fulfilling to support other
affected people because this engagement gives meaning and a positive outcome to
their own struggle against the disease. This last aspect can be crucial in the long-
term healing process of a patient because it empowers the person and can advance
them from a “weak or sick” individual to the informed person.

Pancreatic cancer

A businesswoman was diagnosed with pancreatic cancer. She was not only
removed from her useful working life during the treatments but her private life
was also disrupted when she became dependent on the care of her family members
and friends. Her daily life became impersonal, driven by medical treatments and
healthcare professionals invading her private space. While recovering from this
life-threatening disease, the businesswoman also had to find a way to handle the
drastic departure from her prior life.

During the healing process, she struggled to find a way to integrate the dis-
ease into her personal life—not just in the sense to accept it physically but also to
accept the illness emotionally and to accept how it had changed her. Since such a
process may take several years, she felt she needed support that went far beyond
the usual therapies offered by the healthcare system which is constructed in such
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a way to bring patients back to their prior life as quickly as possible. There is little
support to deal with collateral difficulties such as pressures from the employer or
constraints from the health insurance provider. In the business world in particular,
employees are expected to perform and to show strength, a disease (especially an
orphan disease that is not commonly understood) becomes a stigma; it requires
extra effort to overcome the fear of being fired from one’s job under the pretext
that one is unable to accomplish the tasks required.

These circumstances could be turned into a positive situation if the business-
woman was able to receive long-term support to accept her new circumstances
and re-adjust her life. As a result, she could then reset her priorities regarding a
work-life-balance and would be able to re-orientate herself in her professional life.
Having overcome the difficulties of her disease, the businesswoman would now be
an ideal coach for a patient going through a similar predicament. As a coach, she
could meet patients emphathetically and would be able to find the correct words
easily (perhaps even daring to make jokes, something which a healthcare profes-
sional would not be in a position to do) and suggest “out-of-the-box”, non-ortho-
dox, solutions. In order to make this possible, she would need some backing to
overcome the fear that she is still regarded as “sick” in the working world. Also,
she would require some appropriate training as a patient-to-patient coach so she
could then get in contact with other patients. In an environment of like-minded
people, she would be even more motivated to get involved. The businesswoman
that has been described did indeed manage to integrate that chapter of disease
into her life and is now ready to share her experience for the benefit of others via
Orphanbiotec.

Example 2
Living with Osteogenesis Imperfecta

Dr Therese Stutz Steiger
I am a patient living with Osteogenesis Imperfecta (O, commonly known as “brit-
tle bone disease” or Lobstein syndrome), a congenital disorder. It affected me in
childhood the most (I had about 20 bone fractures) as I was largely wheelchair
dependent, was always reliant on the help of parents and peers and had limited
career choices. During puberty, I had to have large operations mainly in the sum-
mer holidays—thanks to those, I am now able to walk. Thanks to the tireless
efforts of my parents, I was able to go through the regular school system and
eventually study medicine. The dissertation about my own illness aimed to bring
together stakeholders in Switzerland and, in 1986, I founded a self-help associa-
tion—the Schweizerischen Vereinigung Osteogenesis imperfecta (SVOI), of which
I am currently the co-President. We try to set up interdisciplinary OI Centers of
Excellence in major Swiss hospitals but the health system, due to its federal struc-
ture, unfortunately is not very helpful.

OI biographies typically ebb and flow: phases of relative well-being will be
abruptly interrupted when a bone breaks; basically, we have to expect it at any
time. Since many of us are walking badly (or not at all) we have to, within varying
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degrees, live our lives dependent on external aid and support. We are also more
often tired than non-sufferers, many of us work only part-time and some also
experience depression. The board of SVOI offers solidarity to people affected and
offers a wealth of knowledge to newly diagnosed patients and their families.

Since 2012, I have been on the board of ProRaris which acts as a representa-
tive and link between the many small patient organisations. My personal experi-
ences living with this condition, studying and working as a medical doctor and my
many years of service at the Federal Office of Public Health have convinced me
that Orphanbiotec’s Little Orphan Elf program is important and can form an essen-
tial support structure for those directly affected by OI.

The Future is Holistic

Recovering the Health System

We believe that the healthcare system is currently recovering in the infirmary—it
will one day recover when we are able to understand what made it ill in the first
place. We trust that the current situation of stakeholders organizing the develop-
ment of therapies with profit maximization in mind (and without the vital input
of patients) will be confined to the past. The complex challenges needed for this
scenario should be regarded as an opportunity—it is crucial to understand the
requirements of the people affected. Rare diseases, with increased and supportive
research, can be used as a vehicle for good research practice in relation to medi-
cine and pharmaceutical development.

There is a need for healthcare professionals to recognize that the patient can
turn into the best partner for successful treatment—a co-therapist, if this relation-
ship is considered to be a true partnership. As the patient is in a position to make
a significant contribution to his or her own quality of health and life, they should
therefore be suitably empowered. We need to rethink the system and have the
courage to explore new solutions. Old business models should be rethought and
changed if deemed to be feasible. Combining sustainable entrepreneurship with
a philanthropic approach will lead to innovative solutions and a better future for
patients, especially those who suffer from a rare disease, as these patients have
been underserved by current healthcare systems.

Conclusions

Orphanbiotec provides innovative support with a holistic approach at a time when
new solutions are needed. Patients (as healthcare partners) as well as organiza-
tions will profit from leveraging international networks for effective collaboration,
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thereby providing know-how for all stakeholders (including patient advocacy
groups). The bottom-up approach can be used to rethink old habits and conven-
tions, to bring stakeholders together and support sustainable success. A social
entrepreneurial approach within continental Europe is still unfamiliar to cur-
rent healthcare systems, patients, organizations and other partners. We are confi-
dent that our new approach also actively pursues and secures funding beyond this
continent.

Acknowledgments Special thanks to Daniel Des Roches (Foundation President and Head
of the Foundation Board) for his special support, Stephanie Braghero who helped with the
translation from its original German content and Jorge Romero for his innovative feedback.

Dedication

This chapter is dedicated to Frank Grossmann’s mother, Ilse, who struggled with a rare
sarcoma cancer. She enjoyed every moment of her life and personally epitomised a special
form of patient empowerment which gave her confidence and the ability to fight the disease.
She left us in August 2012.
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Vignette: The Journey of a Lifetime

Deb Purcell

Imagine the craziest roller coaster you’ve ever been on, from the very highest peak
to the lowest valley. That roller coaster is what my life has felt like being a mom to
a child with MPS II. Incredible highs and terrifying lows.

We began this journey with MPS II (also known as Hunter Syndrome) on
February 14, 2006. The appointment should have been routine. All I was look-
ing for was a doctor whose values more closely resembled ours. However, there
was nothing routine about the appointment, nor our life since. Not wanting to
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say anything without confirmation, the doctor only gave us the words, ‘possible
enlarged liver’ and ‘possible storage disease.” Two days later, we were asked to
bring Trey in for an abdominal ultrasound. A day after that - a Friday- a call came
from the pediatrician telling us that Trey did in fact have an enlarged liver and
spleen, and that we had an appointment on Monday at BC Children’s Hospital.
The fear Ryan and I shared was palpable; we could barely make eye contact
during those six days between Valentine’s Day and the following Monday at
Children’s Hospital. Eye contact acknowledged fear, which led to tears, and then
rationalizations that maybe this wasn’t as bad as we imagined. But it was.

That Monday, the day we first heard the word Mucopolysaccharidosis, was the
end of my life. It’s ironically funny saying that because I'm still here, but I did
feel the end of the world, the end of my life, on that day. Speaking of our beauti-
ful 23-month old child, we were told: clawed hands, coarse facial features, stunted
growth, possible mental retardation, early death. MPS is a rare, genetic, and pro-
gressive disease in which children are missing an enzyme necessary to breakdown
cellular waste.

The journey from then until now has been epic. The journey of a lifetime.

The difference between the parent of a child with a progressive disease and
the parent of a typical child is that we face death regularly. How can that not be
incredible and terrifying?

For months after the diagnosis, the only thing that kept Ryan and I going was
Trey, who turned two on March 1, 2006, and Avery, who was three months old.
We cried ourselves to sleep, we cried when we woke up in the night, and we cried
through the smiles we tried to put on for our kids during the day. I remember
walking out of the kitchen or bathroom or bedroom to find Ryan curled up and
sobbing in a corner of the house. How do you live, when your son is going to die?
That was seven years ago now though, and life has continued.

During the next seven years, I committed countless hours to advocate for Trey.
I became an MPS expert in ophthalmology, cardiology, genetics, biochemical dis-
ease, plastic surgery, rheumatology, anesthesiology, general surgery, otolaryngol-
ogy, pulmonology, neurosurgery, and orthopedics.

In order to gain access in Canada to the first ever treatment for MPS II, a
weekly four hour intravenous (IV) Enzyme Replacement Therapy called Elaprase
that was approved by the FDA in July of 2006, I gained extensive knowledge
about the definitions of orphan drug and rare disease and debates surrounding
those definitions. I learned about pharmaceutical companies, research and devel-
opment, tax incentives, healthcare and drug approval processes in different coun-
tries, federal and provincial government politics, pharmaceutical company politics,
and the impact of media on the government and pharmaceutical companies. I
learned how to fight - for my child’s life. This fight resulted in Trey becoming the
first boy in Canada to receive Elaprase who was not in a clinical trial, on February
5, 2007. It’s a date I'll never forget; enzyme - the enzyme Trey so desperately
needed - was floating around in his precious body. Elation. Relief. Hope.

I also kept tabs on a developing intrathecal trial at the University of North
Carolina (UNC) that would inject the enzyme Trey is missing into his central
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nervous system via lumbar puncture or port-a-cath. It could treat the progressive
brain disease in MPS II that IV Elaprase could not. You see, MPS II has a range
of severities. About 80% of children with MPS II end up with cognitive decline,
starting between the ages of 18 months-6 years, and ending with death between
7-20 years of age. Imagine watching all the skills your child learned - talking,
walking, running, eating, smiling, calling you ‘mom’—disappearing. It’s one of
the worst kinds of torture I can imagine. Kids with typical cognition live a heck of
a lot longer (20-60 years) and can go to University, travel, work, get married etc.
Hope.

While T waited to find out which type of MPS II Trey had, I kept busy. I
prayed. I had another baby. With the help of many, I raised over a quarter of a
million dollars for research. In 2010, I was part of a pilot program to train par-
ents to do the weekly Elaprase infusions at home, and I've been doing Trey’s
infusions ever since. Every six months we flew to North Carolina to have Trey’s
1Q tested to hopefully give us a sooner rather than later indication of which type
of MPS II Trey had. Trey had multiple surgeries during this time and even more
appointments. I spoke with every newly diagnosed MPS II parent who called and
I responded to every email. If there was a chance to raise awareness or funds for
Trey’s disease, I took it. I couldn’t not do everything possible to save my son and
to help other families who were going through the same as we did.

I waited, living in limbo, for four and a half years. I tried my very hardest to
appreciate every moment and to stay grounded, and there were moments, but look-
ing back, those moments were cut too short by my mind. With every success and
failure of Trey’s—Ilearning to ride his bike, learning to put in his own hearing
aids, fighting with his brother—just watching him sleep or eat, I was haunted by
life and death. Did the fact that he just focused and finished that puzzle mean his
brain is okay and he is going to live? Is the reason he can’t cut easily with scissors
because he has joint stiffness or because his brain is affected and he is going to
die? Is there going to be a day when I’'m never going to see that smile again? Will
Avery remember this moment, when his brother was okay? That little thought at
the back of my mind would almost always sneak in. Rare were the moments that
I could appreciate them for what they were. My entire world was consumed by
MPS.

In August of 2010 I found out once and for all that Trey’s brain was affected.
That was the second steepest hill on the ride, following diagnosis. After picking
myself up from that low, I got back on board with hope and began climbing the
hill again: the intrathecal clinical trial was open and there was still a chance to
save Trey’s life.

How to describe waiting to get into the trial... I did not sleep much. I did not
eat much. I was in constant fight or flight mode, much the same as I had been
since Trey’s diagnosis. I planned how often to call the doctors and nurses involved
in the trial, to give them the impression that I would fight tooth and nail for my
son, but not call them so much that I would irritate them. I also called them to get
updates on the trial because the criteria changed constantly. At one point, a few
weeks after being told Trey was next in line to be assessed for the trial (to save his



194 D. Purcell

life)—celebration!—I was told that because the criteria had changed, there was no
longer a line, and they would let me know if they were interested in Trey. Panic. I
researched hydrocephalus incessantly because an intracranial pressure above thirty
would exclude Trey from the trial. I wondered if Trey’s meltdowns were due to
cognitive decline—which I had now adjusted to and which the trial I counted on to
fix—or hydrocephalus, which meant death. When an IQ below 50 was part of the
exclusion criteria, I hired daily tutors and wouldn’t let our kids watch TV, to make
sure Trey’s IQ would qualify. And this is just the ‘book-friendly’ version.

Trey did end up qualifying for the trial on August 19, 2011, another date I'll
never forget, and he began monthly intrathecal doses at UNC that October. I will
never again feel such relief. Never.

Although the trial has had its own ups and downs, and not minor ones (imagine
emergency surgery to remove an infected port that if not removed soon enough
could lead to meningitis and death, being away from your three and five year old
children ten days per month, monthly general anesthetics and lumbar punctures), it
is the first time since Trey’s diagnosis that I have been able to fully enjoy moments
for what they are. I can breathe again. I am not sure if it’s because I am no longer
fighting death as intensely (I still have smaller battles such as refusing to pin Trey
down kicking and screaming for tests I don’t see as necessary or advocating for
doctors not to give Trey drugs I don’t think he needs), because I no longer have to
wait, or because Trey is not dying and losing everything in front of my eyes, but
I finally feel free and alive again. It is wonderful. Trey may not be a typical child,
but I'm not attached to typical. Typical is overrated. I'm attached to life.

Having been on this roller coaster ride many times now, I know another big
downward spiral will come, whether with MPS or something else. Smaller curves
continue to be thrown at us, like Sadie, our daughter, thinking I don’t love her
because I go away so much and Avery, our other son, feeling left out because
he doesn’t get as much attention as Trey (1-on-1 trips to UNC with Ryan and I,
speech therapy, education assistants, occupational therapy etc.), but I have realized
that this roller coaster is life. In search for some way to make the lows less terrify-
ing and intense, I have found yoga and learned to meditate. So, while I am at the
top for the moment, I am taking the opportunity to find steadiness, calm, and men-
tal clarity, so that the next time the ride takes a big dip, I can continue to breath
and hopefully enjoy the ride. So far, so good.



Personalized Medicine: A Cautionary Tale
or Instructional Epic

Dorothy Weinstein

It is more important to know what sort of person has a disease
than to know what sort of disease a person has
HIPPOCRATES

Abstract With the twenty-first century just beginning, the practice of medicine
would forever change as the successful sequencing of the human genome was
completed. This blockbuster discovery reset the landscape of medicine and the
provision of health care. Personalized medicine once based on best practices and
characterized by a constructive and caring doctor/patient relationship now includes
a vast frontier of treatment options based on an individual’s genetic blueprint.
Patient-centered outcomes research and renewed interest in patient empower-
ment are also components to personalized medicine where genetics leads the way.
Personalized medicine will always remain a dynamic practice as science moves
forward. For it to succeed, personalized medicine must be crafted in the best inter-
ests of the patient within the context of our current health policy.

Introduction

This chapter discusses the historical underpinnings of the concept of personalized
medicine and the health policies that govern or contribute to its practice. The term was
coined in the early part of the twenty-first century when successful sequencing of the
human genome provided the knowledge base on which to design individualized treat-
ment plans. Genomic advances have led to breakthroughs in diagnosing rare diseases
and in designing treatment approaches to better suit the medical conditions and the
individual needs of patients.
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Personalized medicine has broadened to include more than genomic information.
Patient engagement, and the usefulness and appropriateness of evidence based medi-
cine, narrative based medicine, and anticipatory medicine are important considera-
tions in the management of patients with rare diseases. Finally, this chapter focuses
on how public policy can help to foster the practice of personalized medicine and
includes an overview of health care policy as it relates to patients with rare diseases.

Personalized Medicine: The Prologue

Personalized Medicine: we all have an idea of what that means. Try defining it
yourself, and then look it up. Depending on your source, you will discover a vast
array of credible definitions. With rapid advances in biomedical science, the defi-
nition continues to shift as the latest scientific knowledge is quickly put into prac-
tice. The concept of personalized medicine was a natural result of early efforts to
sequence the human genome. The Human Genome Project began formally as a
U.S. government initiative in October 1990 with the National Institutes of Health
(NIH) as the lead agency. The Department of Energy (DOE), seeking data on pro-
tecting the genome from potential gene-mutating effects of radiation, was an early
partner. The project immediately welcomed international collaborators and was
eventually renamed the International Human Genome Sequencing Consortium.
The mission of the Consortium was an inclusive worldwide effort aimed at under-
standing molecular heritage. The consortium’s dual inseparable goals were to
learn the order of the DNA in the human genome and then to locate the actual
genes within the DNA structure. The NIH collaborative project required that all
sequencing information be “freely and publicly available within 24 h of its assem-
bly.” This founding principle guaranteed broad access for any and all scientists—
in academia and in industry.!

Private enterprise jumped into the sequencing effort around 1992. Craig Venter,
a key NIH scientist, left the federal agency and established the nonprofit Institute
for Genomic Research. In 1998, Venter founded Celera Genomics, a direct com-
petitor to the public collaborative gene sequencing effort. Venter believed he had
invented a superior technique that would more efficiently sequence the human
genome. This technique, “shot-gun sequencing,” was instrumental in Celera’s suc-
cess and in catching up to the collaborative public effort. In 2001, almost in a dead
heat, the NIH and Celera independently announced the completion of their human
genome sequencing. Each had sequenced 90 percent of all three billion base pairs
in the human genome (Chial 2008). Today, researchers remain at work identifying

! National Library of Medicine. Genetics home reference: human genome sequencing project.
Lister Hill National Center for Biomedical Communications, U.S. Library of Medicine, NIH,
DHHS, US. gov, http://ghr.nlm.nih.g, 26 Nov 2012.
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individual genes and the biological underpinnings of what controls each strand of
DNA. The latest research findings estimate that any given human genome contains
up to 30,000 genes.

The Human Genome Project began as a mind-boggling adventure in biomedical
research whose mission seemed sky-high and even unattainable. As the research
grew more promising and the discoveries continued, a new era in medicine was
heralded, and personalized medicine was born. As a consequence of the human
genome research, early definitions of personalized medicine were founded on
the ability to customize treatment based solely on an individual’s genetic make-
up (Ginsburg and Willard 2009). Sources all over the world adopted this con-
cept, ranging from the popular common language of Wikipedia to the U.S.
Government’s more formal definition. Although Wikipedia’s definition admittedly
is less sophisticated than others, the idea of personalized medicine, regardless of
source, is founded on the premise of care based on an individual patient’s genomic
history.

In its familiar visual depiction as a double-stranded helix, the genome is of
remarkable complexity. As we all learned in science class, a gene is the basic
physical and functional unit of heredity. Genes are made up of DNA or deoxyribo-
nucleic acid. Human DNA consists of about three billion bases or protein combi-
nations, and more than 99 % of DNA is the same in all people. The remaining
DNA (less than one percent) is what makes each of us unique, singular, and differ-
ent.? The knowledge we gained (and continue to gain) from sequencing the human
genome is one of the greatest advances in the history of science. Among the
desired applications is the identification of specific genes that cause disease and
the ability to use this genetic information to design personal health care treatment
plans. We now know that rare diseases may be due to errors in one or more genes
and in their interactions. In order for personalized medicine to work, knowledge of
individual genetic information and the latest research must be combined with the
interests and involvement of the actual patient. Personalized medicine is now
defined in much more robust and comprehensive terms and includes a broader
scope of knowledge about the patient, not only in terms of laboratory data but also
in terms of patient preferences.

A report by the Duke University Center for Personalized Medicine defines the
practice as “a rapidly advancing field of health care that promises greater precision
and effectiveness than traditional medicine because it is informed by each person’s
unique clinical, social, genetic, genomic, and environmental information.” The
report continues by stating that, personalized medicine, “takes an integrated, coor-
dinated, evidence-based approach to individualizing patient care across the contin-
uum from health to disease”.3 The Duke report incorporates humanizing elements

2 National Library of Medicine. Genetics Home Reference: What is DNA? Lister Hill
National Center for Biomedical Communications, U.S. Library of Medicine, NIH, DHHS,
US.govhttp://ghr.nlm.nih.g, 26 Nov 2012.

3 Duke Medicine; Duke University Health Systems; Duke University Center for Personalized
Medicine, copyright 2004-2010; www/dukepersonalizedmedicine.org. Accessed 2012.
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which are as important to treatment design as genomic information. Personalized
medicine has evolved from a straightforward genomic treatment approach to one
that incorporates a diverse set of tools to uniquely customize a treatment plan.
Patients with rare conditions are among the populations to benefit from this.

Rare Disease: A Twenty-First Century Rewrite

Rare disease, by definition, is bounded by the dual complications of pinpointing
accurate diagnosis and providing successful treatment. With the tools of genomics,
personalized medicine can now truly work to capture what is in the best interest of
the patient with a rare disease. The National Organization of Rare Disorders
(NORD) estimates that there are approximately 30 million Americans who live
with one or more of the documented 7,000 rare diseases. In health policy, a rare
disease or condition is defined as one affecting fewer than 200,000 people.* The
President’s Council on Advisors on Science and Technology suggests classifica-
tion of “individuals into subpopulations that differ in their susceptibility to a par-
ticular disease or their response to a specific treatment”.> Applying this idea, rare
diseases can now be classified or thought of in different ways that may provide
more or different information for treatment design. Personalized medicine is
important for all patient populations with rare conditions. With research providing
molecular information on a more granular level, those suffering with rare condi-
tions may be the greatest beneficiaries.

We know now that individuals may react differently to medications based on
their genetic makeup. Physicians can predict how a patient will respond to a cer-
tain drug and then, customize the treatment regimen using drugs and dosages most
suitable for that person. In fact, the Food and Drug Administration now provides
genetic information on labels of more than 100 drugs.® Application of the informa-
tion garnered from genome sequencing has not only been a critical element in
therapeutics but, equally important, in diagnostics. In fact, the two go hand in
hand, since accurate diagnosis is important to designing a successful therapeutic
plan. Biomarkers, a wide-ranging group of indicators, are the instrument for col-
lecting key biological information on which to base diagnoses and treatment
design.

Biomarkers can objectively measure and evaluate normal to pathogenic biologi-
cal processes, disease susceptibility, exposure to dangerous toxins or diseases, and
responses to therapeutic interventions. They come in many different forms including
enzymes, vitamins, lipids, antibodies, sugars, metabolites, microorganisms, amino

4 National Organization for Rare Disorders, copyright 2013, www.rarediseases.org.

5 President’s Council on Advisors on Science and Technology Report to the President on
Propelling Innovation in Drug Discovery, Development, and Evaluation.

6 Research! America. Genomics Research: Transforming Health and Powering the Bioeconomy.
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acids, and breakdown products from proteins.” The list is long and evolving. New
biomarkers are being discovered all the time. Biomarkers have enhanced the ability
to diagnose rare disease, many times shoring up medical conjecture with absolute
findings. While not diagnostically perfect, a biomarker’s ability to make more accu-
rate diagnoses is a critical tool in crafting a treatment approach. Historically, rare
diseases have often defied diagnosis. With greater diagnostic certainty, personalized
medicine can now be put into play for the patient with a rare condition. Genomic
research has identified specific sites where disorders originate opening a new frontier
of gene therapy.

A report from the Institute of Medicine states that, “Greater knowledge of how
diseases work at the genetic and molecular level has allowed researchers to pursue
new targets for therapy and better predict how certain biopharmaceuticals will
affect specific groups of people” (Field and Boat 2010). Patients with rare diseases
can take advantage of individually designed biopharmaceutical treatment. The
Tufts Center for the Study of Drug Development found that 94 % of surveyed
biopharmaceutical companies are investing in personalized medicine, and 100 %
of those companies surveyed are using biomarkers in the research of new com-
pounds. While this research requires large up-front investments in new tools and
training, the research has developed targeted treatment options for patients with
rare diseases. Most recently, new personalized genomic therapies are now being
used to treat some forms of lung cancer, melanoma, and cystic fibrosis.8 So, as
pharmaceutical companies develop the products to personalize care on a genomic
level, providers and patients have the opportunity and challenge to design treat-
ment plans based not only on genomics, but also on the patient’s choices.

Patient Engagement: Primer or Self-Help Guide

Along with genomics, treatment plans are now personalized with a variety of mer-
itorious approaches worthy of consideration. In this section, I discuss some of the
most current developments in patient treatment design including the use of such
tools as evidence based, narrative based, and anticipatory medicine. Evidence
based medicine (EBM) is a much debated approach in today’s health care delivery.
Often misunderstood, its proper application can help build a solid treatment plan.
Evidence based medicine was defined by Canadian physician and early proponent,
David Sackett who stated that, “Evidence based medicine is the conscientious,
explicit, and judicious use of current best evidence in making decisions about the

7 Debenham P. Biomarkers and Gene Tests—A Personal Insight, p. 2 Paul Debenham. http://we
barchive.nationalarchives.gov.uk/20061009085702/hgc.gov.uk/client/content.asp?contentid=677,
August 5, 2007.

8 Scott R. Bringing Metcalfe’s Law to Genomic Medicine. Harvard Personalized Medicine

Conference. Harvard Personalized Medicine Conference, Showcases Progress in the Field.
Randy Scott: Bringing Metcalfe’s Law to Genomic Medicine.
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care of individual patients.” He went on to add, “The practice of evidence based
medicine means integrating individual clinical expertise with the best available
external clinical evidence from systematic research” (BMJ 1996). If interpreted
and applied correctly, available research can be a useful tool in personalizing the
care of the patient with a rare disease.

To better understand the use of evidence based medicine, comparative effec-
tiveness research must be understood. Comparative effectiveness research (CER)
is defined as the conduct and synthesis of systematic research; comparing different
interventions and strategies to prevent, diagnose, treat and monitor health condi-
tions.” While cost is a vital consideration in health care decision-making, compar-
ative effectiveness research does not compare the costs of treatments.

Critics have voiced their concerns that comparative effectiveness research is
only useful for the “average” patient with conditions that are within a common
spectrum, but not applicable to patients with rare conditions. Yet, the success of
genomic medicine depends on quality comparative effectiveness research. Such
research is essential in order to compare clinical outcomes from genome-based
approaches to traditional non-genome-based approaches. Whether the disease or
condition is common or rare, comparative effectiveness research is a useful tool !0
and the basis on which evidence based medicine is practiced. One of the greatest
obstacles to the meaningful use of personalized medicine is the lack of adequately
designed studies assessing clinical utility (Garber and Tunis 2009). Well-designed
research comparing outcomes is necessary for informing strong evidence based
medicine.

One reason medicine is a fascinating profession is precisely because it is not
just a quantitative science. Where science meets art is in our humanity. As the
twenty-first century sweeps us up in technological wonderment, medicine contin-
ues to grapple with the incorporation of human nature into the rubric of health
care treatment design. The age-old question of what defines us has no absolute
answer and remains a subject of continued debate. What makes us human, alive,
sentient beings is surely a topic that ancient Greeks discussed in their symposia
and that mankind will always debate. The very foundation of humanity is in our
Own uniqueness: our own narrative, our own story, our own voice. Ira Gershwin
brilliantly summed this up in his song, Let’s Call the Whole Thing Off, with the
lyrics, “You say potato and I say potato.” Our nuances and subtleties, the “poetry”
(if you will) of our lives makes us unique. We live within our own timelines filled
with continuing stories that lay a historical foundation. The very science of medi-
cine is confronted with the very humanity of its application.

There is a rising movement in health care delivery called narrative based medi-
cine (NBM), an effort to “re-humanize” medicine. Drs. Johna and Rahman state,
“The human capacity to understand the meaning and significance of stories is

° Federal Coordinating Council on Comparative Effectiveness Research, www.hhs.gov/recovery/
overview/index.html.

10 Khoury M. et al. Comparative effectiveness Research and Genomic Medicine: An Evolving
Partnership.
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being recognized as critical for effective medical practice. Both patients and physi-
cians find some comfort in storytelling”. The term “narrative based medicine,” was
coined specifically to distinguish itself from evidence based medicine (Johna et al.
2011), not as a replacement for the term.

According to Drs. Kalitzkus and Matthiessen, “the development of narra-
tive based medicine has to be understood in the context of patient-centered
approaches,” i.e., bringing the patient as a subject back into medicine. Crediting
the work done on this subject to Dr. Von Weizsacker, they continue by pointing
out that narrative based medicine is not simply a description of the patient’s mor-
bidity, “it is the description of the life of the illness in that specific human being”
(Kalitzku and Matthiessen 2009). So, in simple terms, treatment decisions should
also include information about the patient: desires, preferences, lifestyle choices,
environment, support systems, and more.

In health care planning, patients often fall into the comfortable rut of relying on
facts and figures and what can be objectively measured to support decision-mak-
ing. Numbers and percentages give us a sense of confidence and certainty and pro-
vide a strong foundation for justifying our decisions. However, these formulas and
calculations, as argued above, are only one component in the complicated algo-
rithm of health care planning and viewed alone, can leave a patient with a false
sense of confidence and certainty.

How can a patient know in advance how he or she will feel? A disconnect com-
monly exists between the way healthy people view themselves and the way people
with medical conditions view themselves. Patients and physicians confront pro-
found complexities and uncertainties in weighing risk and benefit. Nuanced con-
siderations and individualized judgment is paramount to good decision-making.
Expert recommendations that are sweeping and generic should raise immediate
red flags to any patient.'! The poetry of personalized medicine is based on the
vital dimensions of life, and these dimensions are not easy to quantify. Genomic
research is now working to identify specific sites where disorders originate. The
possibility of gene therapy being used to delete genetic errors and insert correc-
tions is on the horizon for mainstream treatment. What was once fodder for sci-
ence fiction is now a real possibility.

Anticipatory medicine is another growing area enabled by our genomic capa-
bilities. This area focuses on anticipating the health of the patient and interven-
tions to prevent or treat the anticipated disease. In theory, early intervention,
amelioration, or treatment of a looming disease would be a remarkable way to
eliminate illness, suffering, and death. In practice, questions quickly arise about
how to manage circumstances when genomic testing points to the uncertainty of
disease susceptibility and becomes even more challenging when the patient is a
child. What is the purpose of information if there is no treatment and if there is
treatment, how are decisions made when there is susceptibility to a disease but not

' Gorman M. Building Patient Preference into Research Agendas. The National Working Group
of Evidence—Based Medicine. Advancing the Evidence of Experience: Practical Issues for
Patient/Consumer Inclusion.
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a definite certainty?'? In an ideal world, anticipatory medicine would be an amaz-
ing way to improve quality of life and increase longevity but needs to be thought-
fully implemented. With an overview of possible decision-enhancing approaches
combined with the reality of genomic information, let’s turn to our fictional
patients.

Perspective: Leading Characters

Although these scenarios below may appear contrived, their purpose is to provide
a rubric in which to view the challenges of personalized medicine. Both Patient
A and Patient B have been diagnosed with a rare neurological genetic condition,
XYZ syndrome. The course of the illness is unpredictable and can result in debili-
tating pain, impaired motor control, and the eventual use of a wheelchair. While
it is not a fatal illness, per se, it usually shortens lifespan and significantly dimin-
ishes quality of life.

New on the market is Treatment Bold, which includes a bone marrow trans-
plant and immunosuppressive medication for a lifetime. Treatment Bold has a
55 % chance of an outright cure. However, to even gamble for the cure, a trans-
plant involves lengthy investigations into a good marrow match, a risky procedure,
months of isolation in a specialized quarantined hospital room waiting to see if the
transplant is successful, and a lifetime of medication. Treatment Status Quo, until
recently, has been the only treatment available. Treatment Status Quo involves
monthly infusions of a biologic which helps to dramatically control pain and to
slow down the debilitating neurological consequences. However, in 45 % of the
cases, patients plateau on the biologic, and then begin to see any benefits diminish-
ing and symptoms reverting.

With this information in mind, let’s meet Patient A and Patient B.

Patient A is a 59-year-old white male, married with two children in college. He
is an engineer with an aerospace company. His 56-year-old wife, a high school
English teacher, retired last year and is about to publish her first novel. Patient A
has been planning to work until 60, in order to build retirement income with the
intention of realizing a long-sought shared dream of traveling worldwide with his
wife.

Patient B is a 24-year-old African American female who is finishing her high
school education by earning a GED. She abruptly left high school 8 years ago
when she realized she was pregnant. After delivering a healthy baby boy, she was
left unsupported by the father. She then took an inventory job at a local chain
pharmacy while she lived at home with her parents who helped to take care of
the infant. For the past 3 years, she has lived independently with her son and was
promoted to day manager at the pharmacy. She is excited and proud about her

12 Hoffman E. Anticipatory and Pre-emptive Medicine-A Strategic Initiative DRAFT Children’s
National Medical Center.
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upcoming high school completion certificate and plans to start training at the local
community college to be a radiological technician. She lives in a small apartment
with her son and is able to share childcare services with other neighbors for after-
school needs. Until the diagnosis of XYZ syndrome, Patient B finally believed she
had gotten her life plans back on track since her unexpected pregnancy.

With the same rare illness, Patient A and Patient B face some very real choices.
The two treatments (i.e., Treatment Bold and Treatment Status Quo) are now part
of the evidence based medicine treatment cannon for XYZ syndrome. But to truly
personalize their care, many factors must be considered in their treatment deci-
sion-making algorithm, e.g., genetics, age, gender, race, lifestyle preferences, eco-
nomics, and environment.

Patient A may choose the less aggressive biologic treatment that addresses
pain management and mobility. This treatment approach would allow travel in the
upcoming years, with the hope that he is one of the lucky 55 % who respond posi-
tively to Treatment Status Quo. Patient B may chose Treatment Bold which would
entail going back to living with her parents in order to receive care for her son and
support while she endures through the long treatment course. She believes she can
finish her GED before treatment and can defer future plans to go back to school.
Of course, treatment is also contingent on finding a bone marrow match.

Sit back and think about these decisions. Scramble the genetics, gender, race,
age, lifestyle, support systems, treatment options, employment, financial situa-
tions, and piece together what the final puzzles could look like. No one picture is
right or wrong. In designing the treatment cocktail, physicians must work hand-
in-hand with the patient to take best practices, including available research, and
mix with the patient’s profile, lifestyle preferences, desires—the patient’s nar-
rative. The ability to make a personalized plan must be a coordinated mutual
decision by provider and patient. Access to immediate information has to be
tempered by prudent judgment in the decision-making process. With the use and
sophistication of electronic medical records and such advances as telemedicine,
doctors can be informed immediately and gain access to experts worldwide at the
click of a mouse. The landscape of today’s medicine is dynamic and needs to be
examined continually as we are able to adapt the latest technological advances
to our own human natures. Geneticists hunting for the cause of a mysterious ill-
ness more frequently than not come upon an incidental finding that might signal
a risk for another disease, perhaps cancer, Alzheimer’s, or Parkinson’s. Incidental
findings are part and parcel of doing genetic testing. Some sequencing mistakes
cause diseases, some do not—Ileaving scientists with a vast unknown gray area
(Rochman 2012).

Historically, rare diseases have often defied diagnosis. Now, with genomic
diagnostic tests, health care providers are afforded more precise information in
order to diagnose a condition. One day such tests will probably be easily bought
over-the-counter in any pharmacy or grocery store, much like the reliable home
pregnancy test. With greater diagnostic certainty, personalized medicine can truly
now be put into play for the patient with a rare condition. Many biopharmaceu-
ticals are designed to target the genetic malfunction of the individual patient’s
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disease. Referred to as “designer drugs,” these compounds are crafted based on the
exact measurements or data obtained from the patient’s genome. However, govern-
ments and society as a whole, need to develop policy that is cautionary and benefi-
cial as health care policy is created.

Policy Bestseller: From Bench to Bedside

Health care policy is a constant source of debate worldwide. My discussion will
focus on policy in the United States since that has been my primary field of inter-
est. I will discuss broad policy areas: research priorities and the role of serendipity,
incentives to foster innovation, the Patient Protection and Affordable Care Act of
2010, advocacy, and a sampling of government initiatives specific to rare disease.

Research: Priority and Serendipity

Biomedical research, whether publicly or privately funded, is the foundation to the
health and well-being of any population of people. Since World War II, the United
States has built a medical research establishment that is unparalleled worldwide
and has brought forward spectacular advances in health care. Government, aca-
demia, and industry make up this strong research alliance. Sustained research is
a vital element in continuing to address the unmet needs of those with rare con-
ditions. Governments must maintain robust biomedical research budgets and set
strong and reasonable research agendas (Rochman 2012). Public policy must
acknowledge the vital importance to the larger prosperity of any nation by mak-
ing biomedical research a top budget priority. Freedom to experiment, whether by
public or private funding, is a crucial element in the advancement of science. Of
course, I will add my belief that research also must be subject to policy that incor-
porates appropriate and strong regulation, evaluation, accountability, oversight,
and transparency in the honest pursuit of knowledge.

Research is always a gamble. Sometimes advances come quickly and naturally,
but more often, success in discovery and invention is a long and winding path.
Research may take serendipitous turns. Many examples of fortuitous discoveries
have resulted from what seemed like futile attempts. With wit and wisdom, former
National Institutes of Health director and winner of the Nobel Prize in Medicine,
Harold Varmus, said, “Medical research is still more a game of pool than billiards.
You score points regardless of which pocket the ball goes into” (Kornberg 2012).
Author Kornberg states in his article entitled “Of Serendipity and Science”:

Investigations that seemed totally irrelevant to any practical objective have yielded most
of the major discoveries of medicine—X-rays were discovered by a physicist observing
discharges in vacuum tubes, penicillin came from enzyme studies of bacterial lysis, and
the polio vaccine came from learning how to grow cells in culture. Cisplatin, a widely
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used drug in cancer chemotherapy, came about from studying whether electric fields
affect the growth of bacteria and observing inhibition due to the unexpected electrolysis of
the platinum electrodes. Once again, genetic engineering and recombinant DNA depended
on reagents developed in exploring DNA biochemistry. All these discoveries have come
from the pursuit of curiosity about questions in physics, chemistry and biology, apparently
unrelated at the outset to a specific medical or practical problem (Kornberg 2012).

A new approved drug often turns out to have limited or relatively insignificant use
for the particular medical condition for which it was initially researched. More
important uses are discovered only after the drug is in use and doctors begin test-
ing it for other conditions. This was the case for the therapeutic protein inter-
feron alfa-2a, sold under the brand name called Roferon-A. First approved for a
rare blood condition called hairy cell leukemia, Roferon-A was later found to be
effective for a number of other far more prevalent conditions, some chronic forms
of hepatitis and leukemia (Conko et al. 2009). Over 24 % of all drugs currently
on the market were discovered with the aid of serendipity and thus, may never
have been discovered without the curiosity, observation, wisdom and tenacity of
the researchers. Additionally, drug repositioning or a new use for an existing drug
molecule to treat disease is a wonderful coup to treatment and is a great way to
help companies increase profits. The reintroduction of thalidomide into clinical
use for multiple myeloma is an example in point (Hargrave et al. 2012).

Given the relatively low odds of success and the high costs of drug develop-
ment, pharmaceutical and biotechnology companies usually focus on potential
therapies with the highest likelihood of generating a good financial return. This
risk/reward gamble has meant that potential therapies for rare diseases, including
therapies for life-threatening conditions, have often languished in the early devel-
opment pipeline. Moreover, conventional approaches to drug development are
often not feasible for rare diseases, which offer not only small markets but also
small populations for participation in clinical trials.!> Treatments found effective,
but costly, for rare diseases have frequently resulted in later application to other
more common conditions affecting larger treatment populations. Return on invest-
ment would logically be greater with use by larger populations of patients and,
therefore, provide incentives for continued research.

Incentives to Foster Innovation

Legislators continue to search for incentives to foster innovation in both the pub-
lic and private sectors. Rare disease research is daunting; the truth is that sci-
entists usually do not have any way to know or measure the targeted treatment

13 Committee on Accelerating Rare Diseases Research and Orphan Product Development,
Institute of Medicine. Development of New Therapeutic Drugs and Biologics for Rare Diseases.
Washington, DC: The National Academies Press 2011, p. 47.
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population. Stimulating innovation in health care is an important component to
finding treatments for rare conditions. Pharmaceutical companies have to decide
the relative risk of going forward with research to bring a profitable product to
market and to recoup the estimated $4—11 billion invested to bring a new drug to
market (Herper 2012). Without incentives, companies are very reluctant to under-
take research, gambling on the odds of profitability.

Central to the debate on fostering innovation is intellectual property (IP) law or
a synthesis of laws that combine intellectual property with regulations, approval
processes, taxation, and funding vehicles (National Health Council 2009). What
falls under the rubric of intellectual property is often confusing and legally eso-
teric but includes patents, copyrights, trademarks, and trade secrets. The area most
relevant to health care is patent law, in general, and more specifically, patent fil-
ing rules and patent exclusivity. Legislation usually combines intellectual property
provisions with Food and Drug Administration regulatory issues, taxation, federal
research initiatives, and funding of medical training. These issues are complicated
and hard to tackle given all the stakeholders lobbying for their constituencies.
Stakeholders include patients, consumers, providers (doctors, nurses, physician
assistants, etc.), insurance companies, pharmaceutical companies, device manu-
facturers, the federal government and families. Although not comprehensive, the
paragraph below provides a very brief overview of major legislation for drugs and
biologics. This history is intended to set some groundwork for the rest of this sec-
tion on innovation.

In the United States, the “Biologics Control Act of 1902” was the first national
regulation to control either pharmaceuticals or biologics and the first premarket
approval statute in history. It was passed in response to the deaths of a high num-
ber of children from tetanus contamination of smallpox vaccines and diphtheria
antitoxins. The Pure Food and Drug Act of 1906 governs the FDA’s regulation and
approval of drugs and was amended in 1938 to include pre-market control over
new drugs to ensure safety and controls over manufacturing establishments. In
1984, the Hatch-Waxman Act modified the Food and Drug Act again by provid-
ing abbreviated pathways for the approval of subsequent versions of drugs and
provided a period of data exclusivity for innovator drugs and first generic drugs
(National Health Council 2009).

With this short background, I would like to turn to areas affecting the rare dis-
ease population. The Orphan Drug Act of 1983 is one of the great success stories
in health care innovation. This landmark piece of legislation was designed to facil-
itate the development and commercialization of drugs to treat rare diseases,
termed “orphan” drugs. By definition, an orphan drug treats a small population
(under 200,000 people) and thus, is largely unprofitable.!* The mission of the
Food and Drug Administration Office (FDA) of Orphan Products Development
(OOPD) is to advance the evaluation and development of products (drugs,

14 EDA, DHHS, PART 316 ORPHAN DRUGS-Table of Contents, Subpart C Designation of an
Orphan Drug sec. 316.2.
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biologics, devices, or medical foods) that demonstrate promise for the diagnosis
and/or treatment of rare diseases."

The legislation was designed to motivate companies to conduct research to
bring a pharmaceutical to market for a rare or “orphan” condition and provides
a number of incentives: a lighter regulatory burden for developing new orphan
drugs, a seven-year monopoly, and a ninety-percent tax credit for the cost of clini-
cal trials. Orphan drug designation does not indicate that the therapeutic agent is
safe, effective, or legal to manufacture and market in the United States; those areas
are handled through other offices in the Food and Drug Administration. Instead,
the designation means only that the sponsor qualifies for certain benefits from the
federal government. As a side note on the legislation, the Act also established an
Office of Rare Diseases within the Food and Drug Administration.

The legislation has been a remarkable success. The Food and Drug
Administration has approved more than 300 orphan drugs, with 1,100 more under
development. One of the first developed under the law was AZT, the early AIDS
treatment. Two years later, Congress expanded the law to include biological and
chemical drugs, which helped spur the biotechnology industry (Green 2012). The
Humanitarian Use Device or HUD program was established in 1990 with pas-
sage of the Safe Medical Devices Act and creates an alternative pathway for get-
ting market approval for medical devices that may help people with rare diseases
affecting fewer than 4,000 individuals in the United States per year (Green 2012).

Patient Protection and Affordable Care Act

The Act, passed in 2009, commonly dubbed Obama Care, is the most comprehen-
sive overarching health care legislation passed since Medicare. The legislation is
mammoth, and some parts are difficult to understand and will become even more
daunting when regulations are finalized and when implementation is fully realized.
Proponents of the legislation are delighted by the promise of universal access to
care for all Americans, increased research and evaluation, parity with premium
costs between genders, coverage of preventive and wellness services, cost assis-
tance with premiums, and the eventual implementation of electronic medical
records systems by all providers and institutions.

Critics say that the legislation flies in the face of personalized medicine with a
standardized, one-size-fits-all approach. Among the concerns is that comparative
effectiveness research, funded to the tune of $1 billion, will establish a cookbook
of standards on which physicians will inform their evidence based medical prac-
tices. In trying to lower or stabilize health care costs, patient’s individuality will
vanish into larger epidemiological groupings. The ability to serve all Americans
is a concern since there is great uncertainty about the capabilities of the current

15 See footnote 13.
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labor force and the pipeline of providers being trained. Finally, electronic medi-
cal records have troublesome issues related to the tremendous requirements in pri-
vacy/confidentiality and the enormous costs of implementation.

Advocacy

Organizations representing all types of patient populations or health policy inter-
ests are based in Washington DC or have an office in the city. Advocacy is the life-
blood of many of these organizations which work or “lobby” to design, change,
and/or implement policy to benefit their stakeholders. Many of these groups work
together on common causes. As a case in point, the National Health Council,
located in the heart of downtown Washington DC, brings together all segments of
the health community to provide a united voice for the more than 133 million peo-
ple with chronic diseases and disabilities and their family caregivers. One relevant
example of legislation they are working to pass is MODDERN (Modernizing our
Drug and Diagnostics Evaluation and Regulatory Network) Cures Act. This pro-
posed legislation is designed to change health policy with a three-pronged
approach: speed up the development of new and better treatments for conditions
with few or no medical options; increase the number of tools that can predict
which patients will receive the most benefit from particular medicines; and give
patients quicker access to new diagnostic tests once approved by the FDA. ¢

The MODDERN Cures Act addresses the many promising treatments that get
left behind in the drug development process. Not uncommonly, drugs that address
unmet medical needs, particularly for rare diseases, take longer to develop, and
even if the product reaches market, the company’s patent may have expired or be
close to expiring.!” While the course of the MODDERN Cures Act is unclear at
publication time, it remains a useful example of creative legislative approaches to
fostering innovation in medical care. Other legislation that the National Health
Council is spearheading includes clarification of the FDA approval process for
biomarkers. As discussed earlier, biomarkers aid in diagnosis, allow better target
treatments, reduce costs for determining safety and efficacy, and complement
efforts to personalize medicine. Without certainty in the approval process, compa-
nies have a difficult time attracting investors to back their biomarker research
(National Health Council 2009).

Similarly, the Council is also looking to establish a regulatory pathway for bio-
logics. A biologic is often used for the treatment of rare and serious diseases and
defined as a biological product such as a virus, therapeutic serum, toxin, antitoxin,

16 National Health Council. Medicare Advisory: NCATS Initiative and MODDERN Cures
Act: Complementary Programs to Advance Discovery of New Treatments and Cures,
www.puttingpatientsfirst.net/moddern/.

17" See footnote 8.
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vaccine, blood, blood component or applicable to the prevention, treatment or cure
of a disease or condition. As biologics come off their patents, the market is ripe
for generic biologics but no such regulatory pathway exists for generics (Field and
Boat 2010).

Medical Education

Medical education is evolving, including not only the quantitative learning that is
vital to being a good physician but also the subjective or human angle to medicine.
Many medical schools have medical humanities components to their programs.
The area of medical humanities challenges the student to understand how the hard
facts and gray areas have to be navigated to capture each individual patient. In
an article in the New England Journal of Medicine, David Watts says that poems
and stories—even just a few a week—can show students the richness of human
relationships. In other words, imaginative literature can reignite the compassionate
spark that spurred students toward the healing arts in the first place (Watts 2012).
In connecting the dots from facts and figures of treatment approaches with patient
preferences, the humanities and arts provide profound insight and perspective into
the human condition, the gamut of emotions from joy to suffering, personhood,
and our responsibility to each other and our environment. Literature, on a basic
level, offers a valuable historical perspective on medical practice and on a more
sophisticated level, provides insight into our own personal narratives.

Sampling of Government Initiatives

I believe that the Orphan Drug Act opened the door to vast programs on rare dis-
ease throughout the federal government. Examples of such entities are briefly
described in this section. Established in 2012 at the National Institutes of Health,
the National Center for Advancing Translational Sciences (NCATS) works to
develop innovations to reduce, remove or bypass costly and time-consuming regu-
lations that impede efforts to speed the delivery of new drugs, diagnostics and
medical devices to patients, i.e., translating the basic science into clinical use.
Within this center, the TRND (Therapeutics for Rare and Neglected Diseases) pro-
gram is designed to advance the entire field of drug development by encouraging
scientific and technological innovations aimed at improving success rates in the
crucial preclinical stage of development.'® When research moves from the labora-
tory to the clinical setting, it is commonly described as moving from “bench to
bedside.”

18 National Center for Advancing Translational Sciences, NIH, DHHS. www.ncatsnih.gov.
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In other efforts, the National Institutes of Health collaborates with industry to
spur therapeutic innovation. The program, Discovering New Therapeutic Uses for
Existing Molecules, intends to make promising molecular compounds that are not
being actively developed available to academic researchers in order to evaluate
new potential therapeutic uses. The National Institutes of Health is partnering with
some of the giant pharmaceutical companies to give researchers access to com-
pounds that had been part of clinical studies but were not proven effective for the
specific use for which they were originally developed.'®

Twenty-nine years after passage of the Orphan Drug Act, in 2011, Congress
passed the Creating HOPE Act for Pediatric Cancer Research. The law relies on
the same model as the Orphan Drug Act, offering pharmaceutical companies vari-
ous regulatory and marketing incentives to devise new treatments for rare cancers
that strike children, but do not appear to be sufficiently profitable for drug mak-
ers to pursue on their own (NCI Bulletin 2012). I want to acknowledge the expo-
nentially increasing health care costs we face in America and the truly remarkable
biomedical research establishment this country has also built. The push and pull of
cost and discovery is real, but policy must sustain the innovation ecosystem.

Personalized Medicine: The Epilogue

I have tried to outline the major issues facing the opportunities and limits of per-
sonalized medicine and the importance and relevance of the concept and practice
in health care today. As a collective whole, rare diseases have always challenged
medical practice and remain a significant unmet health care need. The burgeoning
era of genomics has opened up a rapidly expanding area focusing on the molecular
basis of rare diseases, targets for therapeutic interventions, and development of
therapies based on these advances.?’

It is indeed an exciting time. Scientists have unraveled the genetic basis for a
number of rare, single-gene conditions, and research is focusing on identifying the
basis for many multiple gene diseases. The ability to sequence the human genome
defines personalized medicine but is only one character in the whole story. The
synthesis of genomic diagnostics with individualized genomic therapeutics has
spawned a new age of health care delivery, and there is no turning back. We stand
in awe and marvel at how medicine has advanced and what it can do to save lives
and improve quality of life. But science alone is just one weapon used to com-
bat disease and suffering. Our uniqueness as breathing, living beings with varying
pleasures, subjective thoughts, opinions, lifestyle differences and preferences must
also be guiding factors in our health care decisions.

19 NIH, DHHS. NIH Launches Collaborative Program with Industry and Researchers to Spur
Therapeutic Development. NIH NEWS. May 3, 2012.

20 See footnote 17.
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I am always fascinated when I get my car fixed these days. Mechanics hook the
car’s electronic system up to fancy computerized diagnostic machinery which can
very accurately find out what is wrong. The car may need a new fuse, more brake
fluid, or a transmission overhaul, and the decision to fix the car is binary, either “yes”
or “no.” But for humans, our health care decisions cannot be binary and are based on
multiple factors influenced by who we are and what we want. And while facts and fig-
ures are important, decisions cannot be solely based on quantitative data. We live rich
and complicated lives, feel emotion, connect to others, and think abstract thoughts.
Many independent variables function into the equation of personalized medicine, and
each variable needs to be considered for its appropriateness for any given patient.

Providers must develop and nurture skills of observation, analysis, empathy,
and self-reflection—skills that are essential for humane medical care—and to learn
to practice medicine within civic and social contexts, acknowledging how the cul-
tural environment interacts with the individual experience of illness and the prac-
tice of medicine. Health care decision making will not become easier for future
generations, but society can help to address this challenge by training our provid-
ers, not only in the science of medicine but also in the humanity of its patients.
Atul Gwande, a surgeon at Harvard’s Brigham and Women’s Hospital and one of
contemporary medicine’s prolific authors and thinkers, wrote:

We look for medicine to be an orderly field of knowledge and procedure. But it is not. It is
an imperfect science, an enterprise of constantly changing knowledge, uncertain information,
fallible individuals, and at the same time lives on the line. There is science in what we do, yes,
but also habit, intuition, and sometimes plain old guessing. The gap between what we know
and what we aim for persists. And this gap complicates everything we do (Gwande 2007).

Patients must become and remain empowered and informed advocates for their
own best interests. To the extent possible, they should challenge themselves to
understand as much as feasible about their disease and any and all options, includ-
ing those on the horizon. Patients should feel comfortable with their medical care
provider and be able to engage in dialogue that may require asking some tough
questions. At the risk of sounding trivial and trite, patients must find their voice,
tell their stories, and make their preferences clear by understanding what they truly
want. Policy must address the most urgent needs in health care including a robust
and well-funded biomedical research agenda, seamless translation of meritorious
research into clinical practice, and incentives to foster innovation in traditionally
unprofitable areas. The challenge is how best to leverage our scientific and tech-
nological advances in ways that will deliver improved health care outcomes to
patients with rare diseases. As our knowledge grows, so too, should our policy.
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Managing Communication for People with
Amyotrophic Lateral Sclerosis: The Role of
the Brain-Computer Interface
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Abstract Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative neurologi-
cal condition categorized as an orphan disease and at present the primary treat-
ment is managing symptoms. It leads to severe paralysis, resulting in the need
for the patient to use assistive technologies to support them in their daily activi-
ties. When the condition is severe, mainstream technologies may no longer offer
the support required, due to the need for reliable residual movement. Brain com-
puter interfaces (BCI) have the potential to become a powerful assistive technol-
ogy for some individuals with the most severe of neuromuscular disorders. With
only ‘thought’ as an input medium the user could harness control and communica-
tion. Undoubtedly, the availability of such technology could have a major positive
impact on the life of a patient with ALS, supporting their inclusion in the world
and contact with people around them. However, despite decades of research and
development, BClIs are still not commonplace. Many recent advances have been
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made but some factors still prevent widespread deployment of BCI. This chapter
will introduce the background of BCI and provide a short discussion about the
problems associated with BCI technology, balanced with thoughts about its poten-
tial, challenges and hopes for the future.

Introduction

There are many conditions or injuries that can lead to paralysis, such as stroke,
brain trauma or Multiple Sclerosis, with the level of severity varying widely. One
such lesser known condition is Amyotrophic Lateral Sclerosis (ALS). It is a neu-
rodegenerative neurological condition that leads to severe paralysis and is often
referred to as Motor Neuron Disease (MND) or sometimes Lou Gehrig’s disease,
after the celebrated baseball player who contracted it (Gehrig 2013) and brought
it to the consciousness of the general public. It is a rare orphan disease that affects
in the region of 1-2 in 100,000 people (GARD 2013; ALSA 2013a, b), although
statistics vary regarding its incidence. In the UK it is estimated that 5,000 people
have the ALS form of MND, with around 2 people in 100,000 developing it each
year (Patient 2013).

ALS is an aggressive disease that progresses rapidly in most cases. It affects
the nerves for establishing movement. These nerves, known as motor neurons link
the brain to the spinal cord and onto the peripheral nerves for function control.
Degeneration of these nerves leads to a decline in voluntary muscular movement
of the limb and trunk (ALSA 2013a; Orphanet 2013). For some sufferers, eye mus-
cles may be affected but not in all cases (Birbaumer and Cohen 2007). It is non-
contagious and the cause is unknown but it is estimated that about 5-10 % of those
with the condition have an inherited form of the disease. Variations of ALS exist.
‘Spinal ALS’ has initial symptoms which start with muscle weakness in the arms
and legs, leading to paralysis in these regions which then progresses to the neck and
head. The symptoms of ‘Bulbar ALS’ start within the neck and mouth regions and
then progresses to other parts of the body. Progressive Muscular Atrophy (PMA)
and Primary Lateral Sclerosis (PLS) are less severe forms with a better prognosis.

ALS is classified as an orphan disease. There is limited scope for drug inter-
vention (Orphanet 2013), although Riluzole was approved in 1995 by the Food
and Drug Administration (FDA). This drug has been shown to slow the progress
of ALS, leading to a possible modest increase in survival time (ALSA 2013b). At
present the “primary treatment is managing ALS symptoms” (Ensrud 2005). The
expected lifespan of an individual diagnosed with ALS varies, with up to 20 % of
people living beyond 5 years and 10 % of people living beyond 10 years (ALSA
2013a). Life expectancy is strongly linked to the patient’s choice to accept (or
decline) life supporting treatment such as artificial respiration when the paralysis
has become severe enough to prevent breathing (Nijboer and Broermann 2010).

Against this outcome, the fear of losing the ability for interaction is a key con-
cern for the individual, as highlighted by Blain-Moraes et al. (2012). The authors
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stated that, “the existence of the human self hinges on successful interaction with
others ... those who cannot engage in communicative interaction are, conse-
quently, at risk of not being accorded personhood by others.”

Nijboer and Broermann (2010) discussed the difficulty that ALS patients have
in deciding whether or not to write a living will, detailing their wishes to accept or
decline life-prolonging treatment. They highlighted the importance of the patients’
expected quality of life in making these decisions and stressed that often there is
not sufficient information made available to the patients in terms of life-sustain-
ing treatment and communication technologies. Hayashi and Oppenheimer (2003)
reported that 24 % of the patients in their study survived 10 years past respira-
tory decline due to artificial ventilation. At this extreme of the disease, paralysis
will have extended to the point that the person will be in a Locked-In State (LIS).
With cognitive function often remaining intact the healthy brain is effectively
trapped inside the immobile body. A range of assistive technologies, from eye
trackers (Calvo et al. 2008) to sip switches (Jones et al. 2008) can offer a reason-
able form of communication, but only when residual muscular movement exists.
Jean-Dominique Bauby, a French journalist struck down by a massive stroke in
1995 that left him with only residual movement of his left eye, authored his mem-
oir, ‘The Diving Bell and the Butterfly” (Bauby 1998), using only eye blinks in
response to a repeatedly recited alphabet by his carer. In this book he gave an
insight into the life of a person with LIS. Bauby wrote “Other than my eye, two
things aren’t paralyzed, my imagination and my memory.” The book has since
been interpreted as a major movie to critical acclaim (Thomas 2008).

As the severity of the condition of an ALS sufferer progresses, other assis-
tive technologies that rely on some level of residual movement will no longer
offer the pathway for communication. Those at the most severe levels of paraly-
sis are considered to be in a Completely Locked-In State (CLIS). Can interfacing
directly with the brain through the use of recording brain signals and using com-
puters “bridge the gap between the inner and outer world”? This was the ques-
tion asked by Nijboer and Broermann (2010), who applied such technology to
try to help those in a LIS or CLIS state. Such a mechanism is commonly termed
a Brain Computer Interface (BCI). It is important to note however, that “BClIs are
not treatment for the disease; they do not affect a person’s health or the progres-
sion of ALS in any way. They are an assistive technology that can potentially
make a significant difference in the quality of life for people with ALS” (Ourand
2004).

BCI has been studied in electrophysiology laboratories for over 30 years
(Wolpaw and Wolpaw 2012; Allison et al. 2013) and significant progress has been
made regarding accuracy, speed, robustness and mobility. The questions we pose
in this chapter are: can BCI offer the mechanism to enhance social inclusion and
empowerment through communication and control? And if so, what hindrances are
there in making it readily available for those that would benefit most? In order to
first understand the role and potential impact of BClIs, it is important to present
some background information on how relevant information within the brain can
be harnessed to enable communication without the necessity of motor movement.
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Brain Power

A BCI is a device that can potentially facilitate communication without the need
for voice articulation or peripheral movement. A common misconception of brain
computer interfacing is that the computer is literally reading the mind of the sub-
ject. This next section aims to explain some of the underpinning anatomy and
physiology of the brain that enables interaction to occur when all other assistive
technology fails. How is it possible to exploit the power of the brain?

Regions within the brain are associated with and responsible for cognitive, sen-
sory and motor actions, as shown in Fig. 1. Application of BCI technology relies
upon the understanding of the human brain function and has used this knowledge
to develop ways for a person to convey information. It is not simply a case of ran-
dom thoughts being translated into actions. There are two main mechanisms that
may be used to achieve communication; the first picks up responses from planned
external stimuli and in the second, the user is trained to perform predefined mental
tasks to convey their wishes.

BCIs have four general components (Allison et al. 2013; see Fig. 2). First, a
device must measure the brain’s electrical activity! and extract selected brain sig-
nals. Typically, the electrical activity is measured using electrodes placed on the

Motor Imagery

Visual
Cortex

DCCIPITAL F

Fig. 1 Overview of the regions of the brain used for BCI. SSVEP BClIs rely on activity over the
visual areas in the occipital lobe. P300 BCIs use these areas as well, along with parietal elec-
trodes. Motor imagery BCIs rely largely on electrodes around the left and right central fissure,
bridging the frontal and parietal lobes, which contain the brain’s primary motor and sensory areas

I BCIs can also use other physiological properties such as blood flow (Andersson et al. 2010),
but these are less common and not considered in this chapter.
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Fig. 2 Main components of a non-invasive EEG based BCI system (Adapted from Allison 2011;
Wolpaw and Wolpaw 2012)

surface of the scalp and connected to an amplifier. This process has been in clini-
cal use for many years in the electrophysiology department and is referred to as
the electroencephalogram (EEG). Particular electrode configurations are used for
different types of BCI and there may be variations between users to achieve the
best outcome. Second, a signal processing system must translate these measures of
brain activity into a message or command. In turn, these meanings can be used to
interact with external devices, offering a medium for communication, expression
and control. Classic examples of BCI applications are spellers (Sugiarto et al.
2009; Guger et al. 2012a, b), robotic control (McFarland and Wolpaw 2008) and
domotic control (Babiloni et al. 2009; McCullagh et al. 2011; Ware 2010). More
recently BCI has found application in gaming (Nijholt 2009) and for self-expres-
sion (Miranda et al. 2011; MiinBinger et al. 2010). Finally, a platform is necessary
to manage the interactions between these different components and the user
(Wolpaw et al. 2002; Pfurtscheller et al. 2008; Allison 2011; Brunner et al. 2013).

Recording the EEG

Most BClIs rely on the scalp recorded EEG to measure brain activity (Mason
et al. 2007). However, some groups work with invasive BCIs that rely on subdural
sensors implanted on or in the brain (Velliste et al. 2008; Hochberg et al. 2012).
There has been substantial discussion about the practical and ethical issues
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involved in the decision to use invasive or noninvasive BCIs (Birbaumer 2006;
Millan and Carmena 2010; Nijboer et al. 2011; Allison et al. 2013). Both direc-
tions merit further study, since different approaches may suit different individuals,
based on their needs, preferences, spared abilities and other factors. Any potential
BCI user, especially someone who might rely on the BCI as a primary means of
communication, should be fully informed about the risks, challenges and poten-
tial limitations of any BCI they might use. The remaining sections of this chapter
focus on noninvasive EEG based BCI, which is the modality that could have prac-
tical application outside the dedicated research laboratory.

It is not surprising that surveyed users repeatedly comment on the discomfort of
gel electrodes and the length of time required for preparation and clean up (Blain-
Moraes et al. 2012; Huggins et al. 2011). In a typical set up the electrodes may
be placed on the user’s scalp with the use of an electrode cap to guide the loca-
tion of the electrodes, with gel needed to enhance the connection with the scalp
and improve signal quality. These systems do not provide an aesthetic and user-
friendly solution for home use but they are essential for research and development.

Conveying and Extracting the Information

While the exact definition of a “BCI” has become somewhat fuzzy in the last few
years, amidst efforts to expand the term, most BCI research groups focus on real-
time systems that allow people to send information via direct measures of brain
activity (Allison 2011; Zander and Kothe 2011). BCI can be separated into two
categories: one in which the user receives some visual or auditory stimulus which
in turn invokes a response in their EEG; the other is based on intended actions
of the user and requires no external stimulus. The following paragraphs provide a
brief overview of the more typical BCI paradigms.

The visual cortex positioned within the occipital lobe receives and processes
information from the eyes. This region can be stimulated to evoke a response dis-
tinctive enough to be captured within the subject’s EEG recording and classified by
a computer algorithm. Garcia-Molina provides details about how the responses can
be harnessed into a useful application (Molina and Mihajlovic 2010). The brain’s
sensory components can be stimulated to give a response, referred to as an evoked
potential. A well-known mechanism for evoking such a response in the subject’s
EEG is the Steady State Visual Evoked Potential (SSVEP) (Zhu et al. 2010). The
subject views a visual stimulus that oscillates at a particular frequency. The result-
ing response in the EEG is detectable using electrodes placed over the occipital
region (Fig. 1) and can be distinguished from the background electrical activity.

Stimulus mechanisms include Light Emitting Diodes (LEDs) (Fig. 3a) and
reversible checkerboard icons (Fig. 3b). By using a variation of stimulus frequen-
cies it can be possible to differentiate between the responses in the EEG and there-
fore between the LEDs being observed by the user. If each LED relates to some
defined context, then the translated information from the EEG can be then used
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Fig. 3 Example BCI user interface and interactions. (a—b) In the SSVEP BCI, users would focus
on one of the four LEDs or revisable icons, which would each oscillate at a different frequency.
When the BCI detects this frequency over the occipital areas, it recognizes which is the user’s
target. (¢) In the P300 BCI, users count each time the target item flashes. This will produce a
P300 that does not occur when the other items flash. The BCI detects this P300 and thereby iden-
tifies which item is the target. (d) In the ERD/ERS BCI, users might imagine hand of foot move-
ments to drive a cursor in two directions via EEG activity over the brain’s primary movement and
touch areas

to control a computer mediated application. Although in theory a broad range
of frequencies can be used, ranging from about 5—45 Hz, as the number of fre-
quencies increases, so does the difficulty in distinguishing between the desired
outcomes. As such, a typical SSVEP based BCI system may rely on 4 flashing
LEDs, enabling a four way navigation mechanism ideal for movement around a
computer screen, as illustrated by Fig. 3a. With this mechanism a range of appli-
cations can be supported and examples of spellers and user interface control have
been reported (Allison et al. 2010, 2012; Guger et al. 2012a; Wolpaw and Wolpaw
2012). The operation for the reversible checkerboard icons is similar. Zhu et al.
(2010) provides an overview of SSVEP stimulus mechanisms.

A different type of response in reaction to an ‘unexpected’ visual or auditory
cue may be elicited using the ‘oddball paradigm’, whereby a rare target event is
interleaved with many non-target events (Fig. 3c). A resulting event within the
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EEG gets the P300 label from the location of the evoked response wave appear-
ing in the region of 300 ms post stimulus onset. It is most strongly captured using
electrodes over the occipital and parietal areas (Fig. 1). P300 BCIs require very
little training and are reliable in field settings for most users (Sellers et al. 2010;
Guger et al. 2012b; Mak et al. 2012).

By imagining a movement it is possible to initiate activity within the sensorimo-
tor cortex within the brain (Fig. 1). The process involves the modulation of a motor
component of the EEG known as the ‘mu-rhythm’. The paradigm is often referred
to as Event-Related Desynchronization (ERD) and Event-Related Synchronization
(ERS). By extracting this intention from the EEG a user can use trained imagined
activities as control mechanisms, without the need for external stimuli. Typical
examples would be imagining left-hand, right-hand or foot movement although
other paradigms do exist (relate to Fig. 3d). In all cases, sophisticated signal pro-
cessing is required to extract these intended movement components and the soft-
ware needs to be matched to the user. With non-invasive electrodes, fine dexterity
is not feasible, and typically only a 2 or 3 way decision is possible. With suitable
technology such as intelligent robotic wheelchairs or tailored user interfaces, con-
trol can be achieved (Graimann et al. 2010; Millan et al. 2010; de Laar et al. 2013).

Example Applications

The last decade has seen the first commercialization of BCI based products
(Allison et al. 2013). Unsurprisingly, much of the commercialization has been tar-
geted towards the healthy user. In particular BCI is appealing in the areas of gam-
ing and entertainment, facilitating another channel for communication between the
user and the game. Often signals such as facial electromyography (EMG) are used
in addition to the EEG. The resulting systems need fewer electrodes since only
simple information needs to be conveyed. As a result the average price is lower,
opening up a wider target consumer market. Some of these consumer devices
retail for under $100. MindWave Mobile from Neurosky (MindWave 2013) was
developed for iOS and Android platforms. The system uses attention, medi-
tation and eye blink, combined with raw EEG to gain the control. Applications
that can be controlled using the system include MindPlay for controlling video.
The Emotiv EPOC (about $299) from Emotiv Systems (Emotiv 2013a) is a more
advanced and complex device with a greater range of capabilities. It uses 14
electrodes with 2 reference electrodes and is targeted both to the consumer and
research markets (Emotiv 2013b). It should be stressed that such devices listed
above are not tailored as yet to the assistive technology market and most rely on
some muscular movement (EMG). Nevertheless, this highlights the potential for
such technology and the range of applications, and this will help fuel opportunities
for further BCI research.

A pure BCI system which uses only brainwaves has been commercialized by
g.tec Medical Engineering Company (IntendiX 2013) and has been on the market
now for a couple of years. It is the first commercial BCI system for home use, and
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Fig. 4 The intendiX system, from Guger et al. 2012b

relies on the P300 paradigm. In the speller version of the system (see Fig. 4), the
user sees 50 tiled letters and numbers on a grid with 5 rows and ten columns on a
computer screen (Guger et al. 2009, 2012b). The rows and columns flash in a ran-
dom sequence. The user is asked to focus on the letter of interest. As the row and
column containing that letter flash, a P300 response is elicited in the user’s EEG.
However, when other rows or columns flash, the P300 does not occur. IntendiX,
like most P300 BCls, requires averages of at least 3 flashes for adequate signal
quality. In many respects, this is a BCI version of the system used by Bauby to
write his memoirs. g.tec has developed new modules for IntendiX, providing new
applications with new target items and corresponding commands, enabling con-
trol over domestic devices (Intendix 2013b), a platform for creative expression
(Intendix 2013c) and a system for gaming (Indendix 2013d).

BCI opened up a communication channel using spelling applications to ena-
ble verbalization. Other examples of BCI application include control of devices
within the home. From a central system the user’s commands can be sent through
a central hub in the home onto devices which can then be controlled (McCullagh
et al. 2011). It could be the switching on or off of a light, the opening of a door or
possibly the control of a multimedia entertainment center and TV control. BCI has
also been demonsted as an avenue for creative expression using music (Miranda
et al.) and art (MiinBinger et al. 2010).
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Case Study: BCI as an Assistive Technology for ALS

Javier has always enjoyed sitting on his patio, enjoying the warm Catalan
sun. Some201 1times, he would invite friends and family and play music
well into the night. Shortly after he was diagnosed with ALS, Javier learned
to use assistive technologies based on eye, finger, and tongue activity. These
provided him with decent control over various activities of daily living

DLs), including a music player and smart home controls to open the door
to his patio and control the lights. As his control declined, Javier found these
systems increasingly fatiguing. His doctor recommended a BCI being devel-
oped through The Guttmann Institute, a local rehabilitation hospital. A local
graduate student in engineering set him up with a BCI that could control all
of the same functions as other assistive technologies. The “hybrid” BCI sys-
tem could also let him use other assistive technologies when he is not tired.

Javier is impressed with the technology and with the efforts of the local
student. He has strong support whenever problems arise, and his BCI can
control a wide range of customized applications. Javier appreciates that his
experience is not typical—most people do not have such technical support.
However, Javier also has major problems with the electrode cap. He prefers
to feel independent and dislikes asking a nurse or his wife to help. He finds
the gel messy and uncomfortable, and does not enjoy having his hair washed
afterward. He is also concerned about ongoing support—will this student be
available forever?

Elke has come to accept that her career as a painter is over. Her ALS has
made it impossible to paint and over the course of a few years, has left her
with only limited control of facial muscles. She learns of a BrainPainting
system designed to allow people to paint using a P300 BCI. She tries it, and
after several hours, produces an original painting. She is moved to tears,
stating (via a P300 BCI speller) that she “feels like an artist again” and rec-
ognizes her own style.

Over time, she produces many more BrainPaintings, gaining some atten-
tion from local and national media. Since she is very close to a local uni-
versity, she has help from a local graduate student for technical issues. She
can also afford an extra 2,000 Euros for a dry electrode cap, and she does
not especially mind wearing it. Her main concern is the speed. She can spell
and paint, but much more slowly than before. The system is not perfectly
accurate and mistakes are frustrating. She also dislikes the appearance. She
feels that it makes her look odd and highlights her dependence on an assis-
tive technology. The cables are especially annoying to her. She would prefer
a system with electrodes embedded in a hair beret or earrings. The manufac-
turer has replied that they are working on it.
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Are We There Yet?

Today’s BCIs systems still have many limitations (Babiloni et al. 2009; Sellers
et al. 2010; Allison et al. 2013). BCI technology is at the point of migration from
the laboratory setting to the domestic environment, which entails many challenges
and limitations. But the technology has been at this point for some time. What is
stopping BCI being deployed widespread? Over five years ago there was a sig-
nificant impetus within the research community and funding bodies such as the
European Union Framework Programme financed large projects (Brain 2013;
Brainable 2013; TOBI 2013; Future BNCI 2013) to enhance BCI technology, with
the vision of moving it out of the laboratory and into the domestic setting. At that
time some of the key scientific advances noted to help achieve this were:

e A convenient setup: The objective was to develop an inexpensive and straight-
forward EEG acquisition system that can be easily mounted on the head without
expert supervision. The importance of aesthetics is highlighted.

e Individualized BCI: The creation of a flexible, reliable BCI system that can
automatically identify and optimize important BCI parameters with minimal
hassle to the user.

e Application suite: The creation of a straightforward, easy to use link between
the BCI system and exemplar applications. Broadening the availability of appli-
cations and enabling a modular system consistent with use for a diverse group
of applications from multimedia to domotic control.

e Evaluation: To involve target users to inform the development and provide valu-
able evaluation results for comparison with healthy user trials.

There have been significant movements forwards in these areas but the problems are
complex and many goals are still relevant. The key aspects are summarized below.

A Convenient Setup

Several recent reports on users’ opinions of BCI have reported negativity towards
gel EEG caps and electrodes (Blain-Moraes et al. 2012; Ekandem et al. 2012;
Huggins et al. 2011). This is not a surprise and research to develop dry (Gargiulo
et al. 2010) and water based electrodes (Mihajlovic et al. 2012) has been under-
taken. Volosyak et al. (2010) reported similar results when comparing gel based
electrodes with water based electrodes, which rely on simple tap water to mois-
turize the electrodes. Sufficiently high quality EEGs were achieved even after 4 h
of continuous usage. Guger et al. (2012b) found that a dry electrode system was
effective for nearly all users, who attained accuracy comparable to state of the
art gel-based electrode systems. The ability for non-technical application of elec-
trodes with no clean up time will open up BCI as a more practical day to day tech-
nology. It also offers the promise of an easily made customizable cap tailored to
the user, creating greater comfort and aesthetics.



226 G. Lightbody et al.

The complexity and set up is a major hindrance in the widespread adoption of
BCI technology. Blain-Moraes et al. (2012) evaluated the opinions of group of tar-
get users with ALS. They found that those with technical knowledge expressed con-
fidence in “their ability to learn to autonomously use and operate BCI”. However,
those uncomfortable with technology found the complexity of the BCI systems over-
whelming, with one user stating, “how can this be made accessible to the computer
illiterate or technology illiterate...?” Without existing technology competence the
naive user felt that the BCI operation was beyond their capacity for independent use.

The shrinking of the technology is an absolute must for enhancing battery life
and system portability. Brunner et al. (2011b) provide some insight in the current
status of software and hardware development for BCI.

Individualized BCI

There is significant complexity involved in providing successful BCI for the indi-
vidual. Some key issues recur in the literature, namely, technical complexity, the
need for strong carer and family support, the need for training, on-going technical
support and the BCI accuracy disparity between users. The latter is also high-
lighted by Allison (Allison et al. 2010a), stating that there is no “universal BCI”.

One of the main disparities in BCI technology is the difference in user efficacy
between individual users and groups of users. The concept of a generalized BCI
setup that can be deployed to the masses actually only has potential impact on cer-
tain groups of users. For those in greatest need of a method of non-muscular com-
munication and control the resulting system is not readily available. Commercial
BCI technology (Intendix 2013a; Emotiv 2013a) demonstrates potential success
for non-disabled users (Guger et al. 2009, 2012b) but whether it will be suitable
for the broad spectrum of users remains to be seen. The general BCI literature
discusses the measures and support needed for long term domestic BCI use and
highlights many challenges (Sellers et al. 2010). Nevertheless, for those who could
operate such easily available and refined BCI systems, the technology could prove
to be beneficial. Different users with or without brain injury may have a broad
spectrum of BCI capabilities, referred to as BCI literacy (Allison et al. 2010).
In reality the development of any assistive technology requires a combination of
both clinical and technical expertise, tailoring the technology and applications to
the user. The Brain Communication Foundation (Brain Communication 2013) is a
non-profit organization with the aim of developing BCI for users in which there is
a need for such a tailored approach, unsuitable for a more commercial product.

Automated Configuration

How do we determine a personalized BCI for the user? There are a range of poten-
tial solutions but matching the person and their needs to a possible solution is a
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multifaceted task. It relies on the ability to enhance the BCI system from the best
position of the electrodes, to tailoring the algorithms, and providing the applica-
tions, services and support needed.

How do we determine without long trials with a user what form of BCI will
be best suited to their needs and characteristics? Mak et al. (2012) are looking for
key parameters that might show a user’s feasibility for use with the P300-BCI. If
they can determine the EEG features that best correlate with P300 performance
they can use this to not only determine suitable candidates for long-term P300 BCI
operation, but they can also monitor performance online, an important aspect for
remote technical support.

A realistic overview of what the near future could achieve is considered with
some suggestions of what such a system would entail and with what caveats it
would operate under. FutureBNCI (2013) was established within a cluster of thir-
teen European funded BCI projects with the joint aim to promote and guide BCI
research, development and application. They provided an insight into the future
perspectives (Allison 2011; Allison et al. 2013) with a clear overview of combin-
ing BCI modalities resulting in hybrid systems. Such technology could combine
different BCI mechanisms (Allison et al. 2012; Brunner et al. 2011a; Pfurtscheller
et al. 2010) or combine BCI with other input modalities such as eye-trackers. A
fluid approach to what is best for the user which steps across the technical bounda-
ries is now the goal. Millan et al. (2010) discussed the need for increasing the level
of automation within the system to compensate for low accuracies and creating
more context-aware systems that improve with use (Allison et al. 2012; Wolpaw
and Wolpaw 2012).

Application Suite

There remains a strong need for tools that can tailor each BCI to each user and
there are many aspects of a BCI that could be customized: the sensor system
(such as different electrode types and montages); many details of pattern classi-
fication (such as which electrodes and frequencies are used for control); the type
of brain activity used for control (such as P300 or SSVEP); the application being
controlled (such as a speller or internet browser); the interface (such as different
displays and feedback methods); and other details. A reliable “BCI Wizard” is
needed, a software platform that would walk each user through a series of tests
and questions to help identify which options would be best for that user. There has
been substantial progress toward such a goal, with many improved open-source
software platforms that require less expert help than previous versions (Brunner
et al. 2013). The first home commercial BCI platform, called intendiX (IntendiX
2012), also uses software that is aimed at non-expert users. These software tools
have reduced the burden on users and their carers, but a practical BCI that can pro-
vide a wide range of assistive technology solutions for end users requires further
research and development.
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BClI in Use: Beyond Evaluation

Nam et al. (2010) report that BCI’s lack of acceptance could be a consequence of a
lack of understanding of the usability of BCI systems. Finding the right opportuni-
ties to make BCI usable and accessible offer the potential to turn BCIs into practi-
cal assistive technologies that can help users interact with their family and carers,
as well as home-based technologies including assistive devices, home appliances,
or computer and internet technologies, A key challenge to this is to minimize the
work in deploying BCI systems successfully for users and their supporters.

There is a growing need for a “BCI service provider”, referring to people or
companies that can provide expert support. These service providers should ideally
be certified through an entity consisting of appropriately qualified and experienced
experts to avoid misrepresentations of providers’ capabilities. The providers may
often need to travel to users’ homes as well as provide remote support and should
be familiar with the challenges unique to any patient populations they might
encounter. But what needs to be done to achieve this vision and at a feasible cost?

Discussion: Can BCI Provide a Solution for OD:LIS?

At the beginning of the chapter we asked the questions:

Can BCI offer the mechanism to enhance social inclusion and empowerment
through communication and control? And if so, what hindrances are there in
making it readily available for those that would benefit most?

There are many obstacles to the uptake of a BCI system. One of the major issues
when collecting the EEG is artefacts caused by movements such as eye blinks,
facial twitching and jaw clenches. BCI systems require the user to suppress such
movements which may be involuntary due to their underlying condition. Ourand
(2004) gives an informative overview of BCI for the ALS Association. She makes
a key point that “when the individual is ‘concentrating’ so fiercely on regulating
brain activity and limiting muscle movements, it can severely impact non-verbal
pragmatic language and interactions with those in the immediate environment”.
She also highlights the commitment in time and energy that users may need to
invest in training for BCI use before a usable system is achieved. There is certainly
a disparity in efficacy between users and indeed user groups. Studies involving
target users systematically report lower accuracies than healthy users (Mulvenna
et al. 2012).

Kiibler et al. (2005) investigated a number of variations of BCI systems work-
ing with healthy users and 7 users with ALS (pre locked in state). They comment
on the disparity between the user groups, highlighting the need for longer train-
ing sessions for the patients with ALS. Healthy users were able to achieve a level
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of control over a small number of sessions but the patients needed 20 sessions to
achieve a 70 % accuracy using BCI with imagined movement (ERD/ERS).

Such disparity can be expected for many varied reasons such as the underly-
ing neurological condition of the user (brain injury for example), the difficulty
in controlling involuntary movement, the ability to maintain visual focus on the
objects of interest on a screen or maintaining concentration on the imagined move-
ment. Ourand (2004) adds that BCI solutions using visual stimuli such as P300
and SSVEP can be “very fatiguing, and are often not useful in the presence of
certain visual impairments, since some approaches require visual prompts from
the screen. Because some people who are locked-in have limited vision, research
in auditory interfaces is an important focus for the BCI community.” Much more
investigation needs to be done with target users, to determine how best to tailor
BCT for their diverse needs.

All this said, can BCI provide a feasible assistive technological solution for
people with ALS? There have been some long term studies with users but the
numbers are limited. Sellers et al. (2010) report on their involvement with a user
with ALS in which the user had two and a half years of independent use of a P300
based BCI. There were issues, common to most BCI systems, such as difficulty
of use, high technical complexity, functionality and lack of user personalization.
These factors made it difficult for long term support but the research team has
endeavored to make some improvements. Neuper et al. (2003) provide an example
of a BCI system for spelling (using imagined movement (ERD/ERS BCI)) estab-
lished within the patient’s home (clinical) setting and training was performed over
several months. Technical assistance was also provided on-line. An average spell-
ing accuracy of 70 % was achieved.

So there are some examples of successful BCI use out of the laboratory and
with target users. But it is a complex task to achieve and is dependent on many
factors. Potential users need to be screened to determine their feasibility for BCI
use, as highlighted by Vaughan et al. (2006). As already discussed, there are many
forms of BCI and within each of these types, a range of characteristics can be tai-
lored for the specific user. BCI literacy varies from person to person for even those
without any underlying neurological condition (Allison et al. 2010). For example,
some people may not demonstrate a strong response in their EEG in response to a
flashing light (for SSVEP-BCI), yet they may be able to use the Intendix Speller
(Intendix 2013a) which uses a different type of visual stimulus (P300 BCI). Others
may find it difficult using visual stimuli of any form due to sight issues and may
need to use imagined movement (ERD/ERS BCI) or even auditory BCI (Nijboer
et al. 2008; Birbaumer et al. 2012).

The Wadsworth Centre for Brain Computer Interfaces (Wadsworth 2013) are at
the stage of development whereby they can offer a research version of the system
for home use for specified users who have undergone initial suitability investiga-
tions. They report that they have used domestic BCI within their homes for several
months or more. “One has now been using the system up to eight hours per day for
two and a half years.” They provide guidelines as to who might be eligible to be
involved in their BCI trials:



230 G. Lightbody et al.

e Severely paralyzed by any of a variety of neuromuscular disorders such as ALS,
cerebral palsy, muscular dystrophy, multiple sclerosis, and high-level spinal
cord injury.

e Too disabled to use conventional assistive communication technology such as
systems that use muscle activity or eye movements.

e In adequately stable physical condition, with stable physical and social environ-
ments, and with caregiver(s) who have basic computer skills.

e Able to see and to understand instructions.

e Able to use the BCI system as determined in a screening evaluation.

e In a geographical location and an environment that allows the Wadsworth BCI
group to provide ongoing technical support.

They report a common set of problems for the widespread deployment of BCI,
namely, the substantial level of technical support required. The cost the system
hardware is reported to be in the region of 5,000 dollars. However, it is expected
that this financial value is not the true cost, due to the large support overhead. The
goal of the Wadsworth center is to reduce this overhead by means of simplifica-
tion of the BCI system. They also plan to develop more applications and deploy
the system on a Windows platform. FDA approval is to be sought to enable wide-
spread dissemination of the system beyond the research capacity. They point to the
Brain Communication Foundation as a possible source for funding.

Positive stories have reached the media. The BrainGate (2012, 2013) neural
interface was reported recently in the news, depicting a video of one of the two
end users involved in their trials. The woman, who is paralysed, had implanted
electrodes and through the BCI paradigm that uses imagined movement she was
able to control a robotic arm. Although positive, the researchers made the impor-
tant point that the user had trained long and hard to be able to gain the control.

Conclusions

BClIs offer a possible mechanism for communication and interaction with external
devices using solely non-muscular interaction. Since BCIs do not require move-
ment, they may provide a potential medium for interaction for the most severely
paralyzed people, who have little or no reliable control of voluntary movements.
They offer a potential assistive technology for people with neuromuscular disor-
ders which, when the conditions are severe can lead to a locked in state for the
patient. At this point mainstream assistive communication devices may not be
helpful as they rely on residual motor movements. BCI could provide a feasible
technology to reinstate a level of interaction and control to the user.

Until recently, most BCI research efforts focused on helping such users, with
relatively little focus on other user demographics. This has begun to change, as
various improvements to BCIs and underlying technologies have drawn atten-
tion to other user groups who might also benefit, leading to a potential diverse



Managing Communication for People with Amyotrophic Lateral Sclerosis 231

user group. For example, people who have lost an arm or the ability to control an
arm, might use BCIs to control a device to restore function (Velliste et al. 2008;
Hochberg et al. 2012; Mattia et al. 2013). It has sparked interest within gaming
(Allison 2007; Nijholt 2009; Tangermann et al. 2009), and may offer an avenue for
bio-feedback rehabilitation for conditions such as autism (Zhu et al. 2011). BCIs
might also help facilitate stroke recovery (Gomez-Rodriguez et al. 2011; Ortner
et al. 2012; Mattia et al. 2013).

In terms of an assistive technology, the opportunity to gain control and express
oneself without movement is at one end of the diverse spectrum of the user char-
acteristics, with the gaming community at the other extreme. Between these two
extremes, BCI could act as an alternative assistive device that alleviates the stress
on the user by switching technology when one becomes tiresome or ineffective.
People with mild to moderate disabilities might use a BCI as a supplementary or
complementary communication system when other assistive technologies are una-
vailable or impractical. Indeed, one of the most active BCI research areas involves
hybrid BCIs, which combine BCIs with other communication devices to provide
users with a suite of communication options (Pfurtscheller et al. 2010; Brunner
et al. 2011a; Allison et al. 2012a; Miiller-Putz et al. 2012).

“The solutions have the potential to improve productivity and extend commu-
nication for education, vocation, recreation and leisure activities. It is indisputable
that when BCI technology becomes a routine, everyday symptom management
device, individuals will likely experience increased independence and improved
quality of life.” (Ourand 2004)

“Despite the wealth of interest and solid work in this field, it has to be said that
overall the field is still in the research and development phase. Although clinical
trials of devices are on the near horizon, the field has more work to accomplish
before the technology is readily available and is a proven intervention for people
with ALS. With the generosity, dedication and involvement of people with ALS
and their families, the clinical studies to test the practicality and effectiveness of
services will help immeasurably to move the field forward.” (Ourand 2004)

All this is only possible with the unwavering support network of carers, family
and friends.
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Vignette: The Wilderness

Jeneva Stone

I was certain, when my son became ill in 1998, that giving him a vitamin each
day, then gradually becoming inconsistent, was connected. No one else thought
this. You know, Enfamil infant vitamins, the ones with bunnies on the label. After
the first hospitalization, I gave them to Robert Henry again. He was also given
PediaSure, which is chockfull of vitamins. He improved steadily. Still no one
thought this. Then I became inconsistent with the vitamins, and he crashed again.

J. Stone (D<)
Maryland, USA
e-mail: jenevastone @gmail.com
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What had happened was dramatic: with warning only in hindsight, Robert lost
the majority of his voluntary motor function over the course of a long weekend.
No medical findings presented themselves until 2003: no positive or abnormal test
results, no data. No strange MRIs or CTs. Just lots of chaotic presentation, lots of
static. And he was really, really ill. As though he might not survive. Eventually,
Robert was confined to a wheelchair and tube-fed. His neuromuscular problems
caused acid reflux and vomiting. Robert is non-verbal, but he listens to everything
and his eyes belie a lively, unexpressed intelligence.

Robert wasn’t diagnosed until 2012 when genome sequencing revealed one rare
inherited and one de novo variant on each copy of his PRKRA gene, associated
with dystonia. The diagnosis yields no definitive treatments, Dystonia 16 being so
rare that Robert is only the 9™ reported case in the world. His motor difficulties
were always complex to describe, and drug therapies often seemed to help over the
years we pursued treatment without a diagnosis. Let’s just say that once you go the
drug route, there are times you can’t see the forest for the trees.

As I struggle to determine what image describes this ‘route’, the first thing
that pops into my mind is a scene from the movie Last of the Mohicans, the one
with Daniel Day-Lewis. His character, Hawkeye, helps Alice and Cora Monro
escape—I don’t know—the wilderness, other Indian tribes, the French, the smok-
ing remains of Fort William Henry. They try to return to civilization, whatever that
is. In the movie’s version of 1757, civilization consists of British people drinking
tea out-of-doors on parlor furniture in the middle of a field. This reminds me of
our lives: pretending to some sort of order against a backdrop of benevolent or
malevolent mayhem, faking decorum all the way.

Hawkeye leads the women into the Appalachian woods and a cave beneath the
‘Falls of Glen,” or Glens Falls in modern-day upstate New York where businesses
named after this period in American history still stand: a motel and a bar named
the Montcalm and the Portage.

Hawkeye tells Cora, ‘Stay alive, I will find you,” just before he jumps into the
falls and her small party of British folks dressed in clothing inappropriate for
wilderness junkets is captured by Magua and his band of evil French-influenced
Native Americans. Hawkeye reasons that if he is captured with Cora and Alice, he
will be unable to save them. Cora then does everything in her power to leave a trail
he can follow: breaking branches, leaving footprints in soft soil, and so on.

The endless loop of medications we’ve tried is a bit like tracking something
through an Appalachian forest. The terrain feels familiar, but the signs we’re look-
ing for are elusive and easily misread. It takes some kind of powerful love or crazy
to keep pushing back the low-hanging branches, watching for the poison ivy and
oak, and parting the undergrowth and ferns without crushing them. Whatever those
old-growth east coast forests looked like, they were cluttered with deciduous veg-
etation thick enough to conceal a clearing or a sudden precipice.

At times, Robert has been on seven medications at once. This requires actu-
ally writing things down or having a spouse who can also remember doses and
times so you can continually cross-check the day with him. When did he get that
Artane dose? Was it the last one or only the second one he’s supposed to have
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had today? Should we give the Prevacid early because we’ve gotten behind on his
feeds? Some medications are given once a day, some b.i.d., some t.i.d. We never
had a drug regimen in which all were given on the same schedule. Try adding an
innocuous antibiotic to that.

When away from Robert, I look at my watch for the first 2-3 days, involuntar-
ily keeping track of when he should be getting medicine and each feeding bolus.

Medications and vitamins Robert has taken over time: Sinemet 10/100, Sinemet
25/100, Artane, Prilosec, Prevacid, Zantac, Reglan, Ritalin, Zoloft, Celexa, 5-HTP,
Glycolax, Botox, Klonopin, Baclofen, intrathecal Baclofen, B-vitamin complex,
biotin, mitochondrial vitamin cocktail. I'm not sure I remember all the minor trial
medications or hospital-only drugs.

The extra-added complication with Robert, of course, is the g-tube. Many of
these medications are not available in liquid form. Sinemet, for example, is only
soluble in vast quantities of liquid fat—say, a cup of olive oil. For years, the
proton-pump inhibitor drugs, Prilosec and Prevacid were only available in time-
release capsules he could not swallow. If the gel cap were pulled apart to release
the little beads to mix in something that could be pushed through a g-tube, no one
guaranteed the medication would work effectively.

A lab at the University of Missouri, Columbia saved Robert’s life with a sol-
vent that stabilized either reflux drug for about a month. But it required refrigera-
tion. Most stuff we crush into powder or release as powder from tiny capsules, one
by one, and mix with applesauce, a great binder and suspension-maker. We thin it
with a bit of water and draw the mess up into a syringe.

When I look back on this decade of wending our way through the medication
wilderness, all I want to do is tear my hair out. Because it always felt as though we
were getting somewhere but never arriving. Yes, that was the same tree we passed
a few hours ago, and it is getting dark. But we keep walking by other stuff that
looks different, don’t we? I would yell at these previous incarnations of myself
to “get an effing compass,” but, unfortunately, they do not make compasses for
administering and monitoring medication that are g-tube compatible.

But, I kept telling myself: we appear to be getting somewhere. Yes, we are in a
clearing and the Falls of Glen are near. I can hear the water rushing. The air smells
damp. I don’t know who will find us though.

By 2008, tantalizing biochemical clues manifested themselves as MRI and
other findings: odd neurotransmitter patterns in his cerebrospinal fluid, issues with
metabolites of medium-chain triglycerides. Broken branches, torn leaves. Could
he have a mitochondrial disease? Because it had produced results in another
patient with a similar MRI, our neurologists suggested giving Robert high doses of
the vitamin biotin.

So locked in that, most days, he could barely move, within 15 minutes of
his first dose, Robert made sweeping, fluid motions with his arms. He tapped a
plate repeatedly with a spoon and pushed two objects together with his fists. We
changed his Sinemet formulation from 10/100 to 25/100. We left Zoloft lying by
the side of the road—we were using it off-label for serotonin replacement. We
waved good-bye to Artane and never looked back.
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We upped the amount of biotin, a B vitamin. You can buy it at GNC. The big-
gest commercially available capsule for human consumption is 5,000 g, or 5 mg.
At one point, Robert took 150 mg/day. That’s 30 capsules, going through a 120
count bottle in 4 days. Each bottle cost $29.99. This being America, insurance
didn’t cover it.

But he could move. And raise his hands and play with toys just a little. And
pick up objects with two fists. And grab at stuff. Biotin cleared up his chronic
vomiting syndrome within a month. And these seemed markers on a trail that
appeared to be going somewhere.

A bottle of “Stress-Complex B Vitamins” I had been taking on a daily basis
called to me from our kitchen shelf. I know what my hunch had been initially.
And human metabolism is really, really complex. The leg bone’s not the only thing
connected to the hip bone, there are muscles, tendons, ligaments, you get the drill.
If one B vitamin was doing something, perhaps he needed little helper B vitamins.

These did help. Robert’s muscle tone relaxed, and he began making vocali-
zations with differentiated sounds. He could move his head independently and
showed increased trunk control.

Unfortunately, not all of these improvements lasted, and none of our questions
about human biochemistry have been answered by Robert’s diagnosis. Yet, to this
day, no one knows why biotin helps Robert because PRKRA has nothing to do
with biotin response.

So off we go again to look for broken branches, branches broken with intent.
For footprints in soft soil. Stay alive, I will find you.

(USA)
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Supporting People with Vascular Dementia

Through the Use of Common Web 2.0
Services
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Alice: ... would you tell me please which way we should go

from here?

The Cat: That depends a good deal on where you want to get to
Alice in Wonderland, LEWIS CARROLL

Abstract The aim of this chapter is to present how Web 2.0 technologies can be
adapted for Healthcare (Health 2.0). Specifically this will involve explaining the
technology and real world scenarios of how this technology could be adapted to be
usable for Vascular dementia patients and their carers. We consider Web technol-
ogy that would aid the reduction of social isolation and to help dementia patients
maintain social connectedness.

Introduction

The aim of this chapter is to highlight how Web 2.0 technologies can in general
be adapted to help those with Vascular Dementia (VaD). Particularly, those sub-
sets of VaD that are classed as orphan diseases. Many tools from the collection of
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Web 2.0 technologies may be suitable, however, many users may not know what
is available. Put straightforwardly, people would benefit from being educated to
allow them to discover what is possible. This can be through healthcare profes-
sionals or the patients themselves. Only then will the positives of using these tools
will be fully realised. To quantify this vignettes will be presented to show how
Internet technology could be used to help those with orphan diseases.

Dementia

A worldwide ageing population brings an increase in the number of people with
dementia. Dementia does not have social, economic, ethical or geographical
boundaries. With more than 35 million people already having dementia, the figures
estimate that new cases are currently arising one every seven seconds (Alzheimers
Disease International 2012). At this rate, figures are set to double by 2030 and
triple by 2050, to approximately 115.4 million on a global scale (World Health
Organisation 2012). Typically, people with dementia experience symptoms rang-
ing from memory loss, mood changes, depression and anxiety to problems with
communicating and reasoning (Alzheimers Association 2012).

Alzheimer’s disease (AD) is the most common form of dementia (World Health
Organisation 2012). The risk of developing AD doubles every five years in adults aged
over 65, with those aged over 85 having a 50 % chance of developing the condition
Babusikova et al. (2011). Studies (Xiao et al. 2012) have indicated if it were possible
to delay the onset of AD for 5 year that it would be possible to half the number of
people who die with the disease each year and also save the NHS necessary care costs.
The second most common form of dementia is Vascular Dementia (VaD) (Xiao et al.
2012). A number of the causes of VaD are classed as being a type of Orphan Disease.

Orphan Disease

The name ‘orphan diseases’ is given to rare conditions (Azie and Vincent 2012).
An orphan disease is a regulatory definition of a rare disease that only affects a
small percentage of the population. According to Eurordis (2012) there are 6,000—
8,000 orphan diseases in the world. An orphan disease is classified as such when at
most five out of every 10,000 people have the condition (Merck 2012). The alter-
native term “orphan disease” singular is used to represent a combination of the
insufficiency of treatment availability, lack of resources and severity of disease as
well as the disease itself (Azie and Vincent 2012).

The diseases sometimes can be well known to the public like Cystic Fibrosis
and Haemophilia, however, others are less well known. The diseases can be rare
within a particular region of the world, however, be more prevalent in another, for
example, Malaria. They can also move across countries and continents as with
tuberculosis in Europe (Azie and Vincent 2012).



Opportunities and Challenges for Supporting People with Vascular Dementia 243

Asbjgrn Fglling discovered the first orphan disease, Phenylketonuria (PKU) in
1934 (Hanley 2012). He discovered that healthy babies had suffered from progres-
sive brain and nerve damage, which resulted in seizures and a reduction in intel-
ligence. Upon examination of the children’s urine, he discovered large amounts of
phenylpyruvate. This is one of the ketone bodies, only present in the body during
sustained fasting (Merck 2012). If it is not detected after birth, PKU can impair the
development of the brain. PKU is caused by an enzyme deficiency in the liver and
can be treated with a low protein diet to control intake of phenylalanine.

Orphan diseases used to receive less attention from pharmaceutical companies
because they were either not in a profitable market due to their rarity or the condi-
tion was only widespread in developing countries that could not afford to pay the
drug prices set by a drug manufacturer. To address this issue, in 1983, the orphan
drug act was created in the US(Van Weely and Leufkens 2004), which subsequently
spread to other countries and eventually to the EU in 1999. This allowed companies
to drive forward research and development into orphan disease solutions making it
much easier to work in this area. As a result the number of orphan drugs has risen
and currently stands at around sixty (Tejada 2013).

Vascular Dementia as an Orphan Disease

VaD makes up between 20 and 30 % of all cases of dementia (Dementia Guide
2012). It occurs when there is damage to the brain resulting from a low blood sup-
ply or a lack of oxygen. This occurs after a major stroke or after a series of ‘mini
strokes’. It can happen simultaneously with AD and when this happens, it is called
mixed dementia. In contrast to the steady decline, cognitive function and abilities
in AD, VaD can occur suddenly without warning. Changes are noticeable and they
can get worse, then better and then stay the same or worse again. The risks for
VaD are similar to stroke, older age, high cholesterol, obesity, hypertension and
smoking, all of which can increase the risk of VaD (Holmes 2012).

Persons with VaD often have changes in personality, lack of activity and emo-
tional spells are common. Confusion with simple tasks is also common, due to
problems with functions and attention. The most common of VaD being multi-
infarct dementia, caused after mini strokes, which go unnoticed but as more parts
of the brain are damaged VaD appears. Cognitive impairment may occur suddenly
with abilities decreasing over time, fluctuating with recurrent strokes. According
to work by Korczyn et al. (2012) depression is observed in those with VaD fre-
quently and is witnessed after strokes.

At this point it is worth noting that VaD in itself is not an orphan disease but it
is the causes of the disease that allow it to be considered an orphan disease. Some
of the causes are (Jellinger 2008) Binswanger’s Disease, Vasculitis, Cerebral
Haemorrhage and Cerebral Autosomal Dominant Arteriopathy with Subcortical
Infarcts and Leukoencephalopathy (CADASIL) (Brown and Rossor 1998).
CADASIL, in particular, is a recognised rare orphan disease (Orphanet 2012 Health
on the Net Foundation 2012).
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Causes of Vascular Dementia

Some of the most common causes of vascular dementia are explained in the fol-
lowing sections.

1. Cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL)

CADASIL syndrome is a genetic form of VaD (Dotti 2012). It can occur in the
young and during adulthood presenting itself as migraines or strokes. It is caused by
dominant mutations in the NOTCH3 gene on chromosome 19. Salloway and Hong
(1998) have found that it causes dementia and depression in 80 % of patients.

2. Cerebral haemorrhage

This is caused by bleeding in the brain from a ruptured blood vessel which causes
inflammation and swelling. If one of the surface vessels of the brain ruptures, this
can cause blood flow into the membrane that results in pressure on the brain. It can
come on suddenly without warning and results in complications that can include
difficulty with memory, thinking and talking (Federico et al. 2012).

3. Sub-cortical Vascular Dementia (Binswanger’s Disease)

This is sometimes called progressive small vessel disease of which Binswanger’s
disease is a specific type. It is caused by damage to blood cells that lie deep within
the brain resulting in difficulties with mobility and speech. Symptoms are not
always present and at times come and go (Alzheimer’s Society 2012).

Symptoms with Vascular Dementia

VaD can effect people in many ways. Depending on the severity of the strokes,
these can appear suddenly or gradually over time, some are shown in Table 1. In
general, VaD typically progresses systematically. With VaD dysexecutive syn-
drome is particularly common. Individuals with dysexecutive syndrome will have
problems formulating goals, planning and organisation, which results in a lack of
judgement (Stacpole 2011). They also are more likely to suffer depression and
anxiety more so than in other types of dementia (Stacpole 2011) (Table 1).

Loneliness and Social Isolation

Social Isolation is a growing problem. According to Age Concern (2008) “1.2
million people over 50 years of age are severely excluded: 400,000 aged 50-64,
360,000 aged 65-79, and 400,000 aged over 80.” With the increasing num-
ber of those with dementia, it is a certainty that this disease will become more
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Table 1 Common issues of vascular dementia. Adapted from work by Alzheimer’s Society 2012
and Block, Smith and Segal 2012 (Alzheimer’s Society. 10/15/2012W; Block et al. 2012)

Common mental and emo- Common physical signs and ~ Common behavioural signs and

tional symptoms symptoms symptoms

Slowed Thinking Dizziness Slurred speech

Memory problems Tremors Language problems, difficulty

Mood changes Balance problems finding right words

Hallucinations and delusions ~ Moving with rapid, shuffling  Getting lost in familiar

Confusion, worsening at night steps surroundings

Personality changes and loss ~ Leg or arm weakness Difficulty following instructions
of social skills Difficulty doing common tasks,

like paying bills

Reduced ability to function in
normal life

widespread. It has been suggested that loneliness is a predictor of cognitive
decline. Studies by Fratiglioni et al. (2000) and Wilson et al. (2007) have shown
that loneliness has an effect on cognition and increases the risk of development of
dementia. Murphy (2006) defines loneliness as a condition that describes the dis-
tressing, depressing, dehumanising, detached feelings that a person endures when
there is an emptiness in their life due to an unfulfilled social or emotional life.

Two forms of loneliness can lead to depression subsequent to the onset of demen-
tia: social isolation and emotional isolation (Wilson et al. 2007). Social isolation
indicates that there is a minimal social integration and connectedness with others
whereas emotional isolation refers to minimal or no attachment figures in the per-
son’s life. Many factors can contribute to social isolation. Findlay and Cartwright
(2002) believe that this can be from a loss of health and function, hearing, commu-
nication abilities besides loss of relationships such as losing a partner through death,
or if family moves away (particularly true of the case of emotional isolation.)

Not surprisingly, Wang et al. (2002) have found that frequent participation in
social activities can decrease the risk of isolation, loneliness and therefore, demen-
tia. Wang’s findings suggested that the quality of social attachments and the qual-
ity of social interactions could positively affect the onset of dementia by slowing
its development. This is similar to findings by Moyle et al. (2011) who carried
out interviews with those with dementia. The study found that participants with
dementia who took part in social activities with family were able to maintain inter-
est, break up routine and minimise loneliness better than if they didn’t.

Information and Communication Technologies (ICT) has been proposed as
one method for alleviating some of the strain being placed on healthcare manage-
ment and delivery by attempting to manage and monitor user’s symptoms. Ambient
Assisted Living (AAL) is a term used to describe systems that deliver help with
tasks associated with daily activities, health monitoring, enhancing safety and
access to medical systems (Alzheimer’s Society 2012). AAL research has been
used to monitor and support social communication, support with activities of daily
living (ADL), enhance feelings of safety (Dementia 2012) and with memory sup-
port through regular reminders (Donnelly et al. 2010). A key component, which is
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common among most AAL solutions, is the reliance on the Internet. In general, the
Internet has provided significant gains in terms of enhancing people’s knowledge,
entertainment, social communication and life-long-learning (Krishnamurthy 2008).

The most prevalent and readily available ICT solution is the World Wide Web.
It is reasonable to hypothesise that the Internet could be used to help connect those
socially isolated to enable them to stay connected with family and friends despite
geographical location. World Wide Web technologies built on the platform of Web
2.0 technology allow the creation and exchange of user generated content. At this
point we will define that the Internet is the underlying communication platform
and the World Wide Web is the front-service that people use. Nonetheless these
two terms are used interchangeably so the term Internet will be used hereafter.

The Internet and Social Media

The Internet population has doubled to 2.27 billion in 2012 from 1.15 billion in
2007. The meteoric rise of Internet usage began in the mid nineties when peo-
ple could communicate via email and instant messaging services, beginning in
the work place but gradually moving into the home. By 2004, the term ‘Web 2.0’
coined at a conference between O’Reilly and MediaLive International (O’Reilly
2009) was used to describe the Internet. It had gone from a static web to a
dynamic and collaborative service into a growing phenomenon that was a collec-
tion of technologies, business strategies and social trends. (Murugesan et al. 2007)
It allowed users to be more collaborative, supporting social interaction allowing
developers to easily and quickly create applications that draw on data, information
or services from the Internet.

The Internet is now a Social Web because of Social Media. Types and current
examples of Social Media are shown in Table 2. Social Media allows people to
create words, pictures, video and audio and share this with their friends through
social interaction. This is facilitated through Web 2.0 Technology.

Over the past five years, there has been exponential growth of Online Social
Networking products. Of these, Facebook is regarded as the most popular with more
than 1 billion users, meaning that one in six people on earth now have a Facebook
account. Of these 680 million are active users of Facebook mobile-based products
(as of December 2012) (Facebook Statistics 2012). These direct and indirect inter-
actions build up a social network were everyone is connected through friends and
interests. This trend exists through all the latest Internet applications.

Online Social Networks

Online Social Networks allow users to setup a profile. This profile contains infor-
mation about the user such as their name, age and where they live. It also contains
a profile picture were a user can display a photograph of themselves. The profiles
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Table 2 Types of Social Media (Facebook 2012; Twitter 2012; Yahoo 2012; Tumblr 2012;
Pinterest 2012; YouTube 2012)

n flickr

Facebook Twitter Flickr

Social Networks Microblogs Photographs
www.facebook.com www.twitter.com www.flickr.com
Gl Pinterest Yoy
Tumblr Pinterest You Tube

Blogs Social tags Video
www.tumblr.com www.pinterest.com www.youtube.com

can connect or follow other profiles to build up a network (Fig. 2). Each member
in the Online Social Networks can then view updates from virtual friends, which
are typically displayed in a timeline or newsfeed (Fig. 1).

Online Social Networks allow updates to be made that contain text, images, vid-
eos or links. These can be shared with friends and followers. Friends and followers
are essentially the same thing, just different terminology is used for different Social
Networks. Followers receive your updates and can comment on these updates, which
allows for communication and collaboration. Tagging is also used so content such
as pictures can be shared with other friends and followers in the same location.
Of the many Online Social Networks, Facebook (see Fig. 2) is the most popular.
Nevertheless, there are many other online social networks like Twitter, LinkedIn,
Flickr and YouTube (Facebook 2012; Twitter 02/09/2012; Yahoo 2012; YouTube
2012; LinkedIn 02/09/2012L).

In addition to Niche Social Networks that work specifically on Mobile Devices.
Applications like Instagram (see Fig. 3), Foursquare and Path (Instagram 2012;
Foursquare 2012; Path 2012) all have a Social Network platform were friends and
followers share photographs, videos and locations, depending on which specialty
the application is designed for.

Blogs

Blogs can be used as a powerful Web communication tool and they allow people
to share thoughts, ideas and comments. Each entry into a blog is referred to as a
post and these are displayed in chronological order. They can contain text, images,
links and videos and allow comments and interactions from other Internet users
if allowed by the administrator of the blog and whether it can be seen publicly or
privately (Murugesan et al. 2007).


http://www.facebook.com
http://www.twitter.com
http://www.flickr.com
http://www.tumblr.com
http://www.pinterest.com
http://www.youtube.com
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Fig. 1 How people on the internet can be connected through the online social networks via
profiles

Blogs are now easier than ever to setup and can be performed with blog-
ging software such as Wordpress. Wordpress has more than 55 million blogs
(Wordpress 2012) worldwide and these blogs can either be hosted on the
Wordpress server or you can setup your own blog on a dedicated server. It can be
heavily customised either by using an existing theme it comes shipped with or you
can easily create your own theme with some knowledge of HTML and CSS. Extra
interaction and functionality can be added through ready made plug-ins created by
developers for free. This makes Wordpress a powerful and stable platform.

Over the last five years there has been a rise of the Blogazine implemented by
mainstream designers such as Dustin Curtis (2012) and Jason Santa Maria (2012). A
Blogazine is used to create original layouts and designs customised to the content of
each post. Making it more appealing and far reaching to the blogosphere (the blog-
ging community). These posts, however, take time and specialised skills to implement.

Microblogging has seen a sharp rise since the introduction of services like
Twitter (2012), and Tumblr (2012). Microblogging allows the subscriber to
broadcast short messages to others using the same service. This can include text
and links in addition to pictures and videos. Services like Twitter are limited to
140 characters, however, services like Tumblr allow you to share whatever you
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Fig. 2 A screenshot of a Facebook profile

want in a more lightweight way than Wordpress. This can be shared with people
who subscribe to your blog.

Really Simple Syndication

Never in human history have we had so much information available or in such
an easily accessible format (through just a few mouse clicks). Frequently, we are
so overloaded with information that we cannot make much sense of it. For exam-
ple, YouTube, the online service that allows the creation and sharing of videos,
receives 72 h of video uploads every minute (YouTube 2012) which, to a certain
extent, makes it impossible to watch all of its content. RSS feeds provide a part
solution to this by providing a high-quality way of gathering information online.
They allow content from Webpages to be summarised with a title, its content,
and a link to the content. Using an aggregator these feeds are checked displaying
updated articles found. Of the many aggregators available, the most popular are
Web Browsers such as Google reader (2012) or NetVibes (2012). Nevertheless,
given the popularity of the Mobile Web it is now common to use applications spe-
cifically designed for devices such as Flipboard (2012) and Reeder (2012). These
applications not only show the latest articles in a social magazine format, however,
also incorporate Facebook and Twitter updates allowing content to be consumed
from one application on the go.
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Fig. 3 A screenshot of an
Instagram profile

Edit Your Profile

Kyle Boyd

PhD Student, Web Designer,
MNorthem Ireland like
kyleboyd.co.uk

O Photo Map

The new applications that allow you to ‘save findings to read later’ reinvigorated
RSS technology. It allows users to consume content efficiently and helps keep them
organised with the growing mass of information on the Internet. This shows in the pop-
ularity of applications such as Flipboard. At only two years old, it has 20 million users,
3 billion “flips’ per month and 1.5 million daily users (Flipboard Stastistics 2013).

Wikis

The most famous Wiki is Wikipedia (2012). It is a free collaboratively edited,
multilingual Internet Encyclopaedia. The ideal Wikipedia article is well writ-
ten, balanced, neutral and encyclopaedic, containing comprehensive, notable and
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verifiable knowledge. It can also include pictures, sounds and videos. A Wiki
allows people to share knowledge whilst creating or contributing to new articles.
These can be edited by anyone through a Web browser. The notion of a Wiki is
based around the premise of collaboration. Wikis have now become popular as
both educational tools between teachers and students and are also useful for tech-
nical documents as they are simple to use, flexible and expand as your content
grows (Park et al. 2012).

Mashups

A Mashup is a website or service, which combines data from several sources to
make it more useful. Many thousands of Mashups are available and can be found
at WebMashup (2012).

Property Pal (2012) is a typical web Mashup. It allows the user to search
for houses to buy or rent and displays where the houses are on Google Maps.
YouPlayList (2012) is another service, which allows users to order videos found
on YouTube. It is a platform to create, save and manage several playlists.

This is made possible due to the availability of APIs (Application Programming
Interfaces). An API is an interface which allows users to respond or react to a
product or service subsequently allowing for the exchange of data between the
two. If for example, a user posts a photograph to Instagram on their mobile device
they can decide whether to post this to Twitter or Facebook or both at the same
time. This is only made possible through APIs. Spotify (2012), the online music
library only lets you login to use the service if you have a Facebook account. This
is achieved through the Facebook Social Graph and API.

Tagging, Folksonomy and Tag Clouds

Social Tagging has become popular with sites like Delicious and Flickr (Yahoo
2012; Delicious 2012). A user can assign a tag to the content, which is then
grouped. On Delicious groups of URLs can be tagged and on Flickr groups of
photographs can be tagged. Online Social Networks like Facebook allow users to
tag photographs and ‘Like’ something such as a comment to tag.

People tag for a variety of reasons (Strohmaier et al. 2012):

e Future retrieval: A User finds something but cannot digest it at that point of time
hence they tag it for future reference.

e Contribution: Allows the content to shared with others and categorised.

e Express Opinion: They allow users to convey opinions or judgments. The ‘Like
system in Facebook or the Like/Dislike system in YouTube.

e Organisation: Tags can be grouped into lists for ease of use and organisation for
example a job search or to-do list.
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Twitter uses hash tags within the content of the tweet which allows easier search-
ing and categorising of the tweets. It is interesting that users created this ability
and once it had gained popularity it was adopted as a recognised feature within
Twitter. Tag clouds can be used to organise tags and have grown in popularity with
Wordpress, which allows categories to be added blog posts with a tag cloud being
automatically generated showing the most popular posts.

Pinterest (2012) is one of the newest Social Tagging platforms. It was the first
independent website to cross the 10 million unique visitors per month mark over
the shortest period from May 2011 to January 2012. It allows users to ‘Pin’ things
they find on the Web to a board. It is a visual process and allows users to easily
browse, find and share lists by curating what they find.

Health 2.0

The nature of the current Internet is such that many technologies can be used
together in a mash up. Health 2.0 is part of Web 2.0 with the focus on special
health applications, where people can take a more active role in their own health-
care. Indeed Eysenbach (2008) has stated that Health 2.0 applications and services
that are Web 2.0 based can be used by caregivers, patients and health profession-
als to facilitate social networking, participation and collaboration. In the context
of the current chapter it is postulated that these technologies can be used singu-
larly or together to aid those with dementia. The Internet provides an alternative
method for increasing social interactions. Previous research by Hong et al. (2001)
has shown that increased support from networks has lead to increased psychologi-
cal well-being. A study conducted by Small et al. (2009) between older users who
were comfortable with Internet use and those who were Internet naive found that
those who could perform simple Web searches and read the results on screen could
control vision, complex reasoning and decision making better than those who
couldn’t. They concluded that Internet searching could influence the responsive-
ness of older brains in a positive way and provide a benefit for those with cogni-
tive impairment.

It has already been noted in research that there are benefits in using the Internet
as a social support tool. It loses the implication of lack of participation due to
transport and logistical or time constraints of people living in different areas.
Everyone can participate with rapid responses arriving instantaneously. This is
a benefit to caregivers (Perkins and LaMartin 2012). Traditionally persons with
dementia (PwD) are cared for by family and formal carers from health and social
services. As of 2012 there are 1.25 million carers in the UK who provide over 50 h
of unpaid support, of those 670,000 act as primary carers to PwD (Alzheimer’s
Society 2012). Changes in memory and thinking means that PwD can struggle
with everyday life and it can become difficult to undertake tasks such as paying
bills and cooking. Carers end up providing emotional and social support in addi-
tion to dressing and bathing. This can become difficult logistically given that two



Opportunities and Challenges for Supporting People with Vascular Dementia 253

Table 3 Positive outcomes of using the internet for health 2.0 in those with VaD

Social Media Type Solution ~ Proposed positive outcomes of usage

Online social networks Facebook Free of charge, not bound by time or location. Share photos
and thoughts. Supports inclusion and communication
and support (Hanson et al. 2011; Norval et al. 2011;
OFCOM 2012; Zickuhr and Madden 2012; Xie et al.
2010).

Blogs Tumblr  Increased social interaction as a result of enhanced and pro-
longed conversations. Allows for discussion (Cotelli et
al. 2012; Peesapati et al. 2010). Increased quality of life,
enhanced information sharing and social closeness

Tagging Pinterest ~ Supports reminiscence by allowing them to catalogue their
lives and curate what they find

thirds of PwD live at home meaning family members have to split time between
them and their own families. Due to the dementia’s progressive nature it means
that support can become more intensive as time goes on.

The work of carers should not be underestimated. According to the Alzheimer’s
society they save the UK economy around £8 billion pounds a year (Alzheimer’s
Society 2012). Put simply, if the burden was left to our existing social care sys-
tems it would collapse with the inability to cope because of the strain.

It is clear that ICT is a potential solution to social isolation. A review by
Lauriks et al. (2007) lists many ICT solutions, which includes aids for memory,
robots to stimulate communication, decision makers, cooking reminders and GPS
tracking devices for wanderers. Nonetheless, it is clear that using the Internet can
not solve all problems associated with PwD. It would be futile to suggest that
cooking or dressing could be completed in the Web browser, however, in some
cases it could be viewed as an appropriate outlet to help prevent social isolation by
providing social and emotional support for both the PwD and their carers that they
stay in contact with family members and vice versa without actually physically
being present.

Carers’ burden in the provision for ‘loved ones’ would be relieved as they
would have more time to focus on their own needs rather than the needs of the
PwD. In the Case Studies previously discussed all three solutions were available
free of charge via the Internet. No form of specialist hardware was required, only a
device with Internet connectivity. In Table 3 the positive outcomes of why Health
2.0 solutions could be used over traditional methods is presented.

The positive outcomes can show that these solutions and the ability to provide
an Online Social Network could provide emotional support and social closeness
that a person with VaD would need assistance with. Considering they are more like
to suffer from depression, anxiety and suffer from emotional liability. Supporting
the work by Goswami et al. (2010) who reported report that the characteristics of
Online Social Networks makes it easier and cheaper for the elderly to keep social
ties active and therefore enhance feelings of social connectedness and Online
Social Networks usage has psychological benefits, such as increased social capital,
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reduced loneliness and improved psychological well-being. Shapira et al. (2007)
also reported that that older people have a greater sense of empowerment through
online interpersonal interactions. They help them maintain cognitive functioning
and have a greater independence in their lives.

This sociable Web has the potential to augment those with VaD and carers with
a sense of belonging to a supportive kindred community reducing social isolation.
Minimal costs of services mean that there is a better chance of adoption meaning
more connectedness. This is something which is denied to many who are confined
to their home through illness.

Case Studies

In the next Section, a series of hypothetical case studies that aim to illustrate how
these technologies could be implemented and used by older people with VaD and
their families are presented. Each case study aims to put into context how this
would be achieved and managed exemplifying how the attributes of Health 2.0 are
aligned with the needs of those suffering from VaD.

The Use of Online Social Networks Within VaD

Muriel a 68-year-old woman, lives in Harrogate near Leeds, and is originally from
South Africa. She married Don in South Africa after he had come from Leeds in
1963 to work as an engine fitter for the RAF. They met while he had been sta-
tioned there. Muriel trained as a nurse and secured a job at the local hospital. After
Don’s tour ended in 1974, it was decided that they would move back to England
with their three children, Geoffrey, Rachel and Alison. They bought a house at 49
Arncliffe Road and setup family life in their new home. Muriel held a post in the
NHS as a nurse and was eventually promoted to a sister nurse on the ward. She
said of her job:

Coming to work in the UK was such a transition to South Africa but it was one I am
embraced I loved my job, helping and caring for others

After Don died 6 years ago, Muriel has lived on her own. All three children are
now married have moved away and live in other parts of the world. Geoffrey lives
in Bermuda as a risk model developer for a Reinsurance Company. Rachel works
as a vet in South Africa and Alison owns a fashion boutique in the leafy suburbs of
west London. Muriel has five grandchildren, one in Bermuda, two in South Africa
and two in London.

Muriel had a fall when she was 64. Her neighbour noticed that afterwards she
began to repeat questions. After another fall a few months later she began to notice
a decline in cognition. After going to see her GP with her daughter Alison, they
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conducted a Mini Mental Status Examination (MMSE) with a score of 21 and on
the Geriatric Depression Scale (GDS) it indicated 3, which showed a mild impair-
ment concluding that Muriel had a form of VaD referred to as Binswanger’s dis-
ease due to the mini strokes caused by bleeding deep in the brain during her fall
due to not being in regular contact with her children and grandchildren because of
logistics it was believed Muriel’s condition would not be helped with the contin-
ued social withdrawal.

Muriel’s children are all ardent users of Social Media technology such as
Online Social Networking, most notably Facebook. All of them used it beside
regular media such as telephone and e-mail, however, this was a useful outlet for
quick status and photograph updates through their Internet enabled mobile phones.
Facebook’s timeline allowed them to record these events automatically in a chron-
ological order. They decided that this could be a novel way of keeping their mum,
Muriel up to date as much as possible. They setup an account for her setting the
privacy to private so her only friends were her children. Muriel had used a PC
in the past, however, this had become more difficult for her. Therefore, they pur-
chased an Apple iPad and installed the Facebook Application.

With the release of Apple’s iOS 6 software guided access can be set (Apple
Accessibility 2012). Particular features of an application can be disabled which
prevent a user from exiting an application by disabling hardware buttons and
touch screen sensors. Allowing the device to run an application, like Facebook
as a stand-alone application without the risk of navigating to another part of the
operating system. This therefore eliminates issues with starting the application as
it is always on. It means that Muriel can either interact with her family or merely
watch her family’s daily life from across the globe from the comfort of her home.
Helping her become socially involved and connected.

As the dementia increases, one of the effects is that those with the disease will
exhibit a decline in communication skills. This is particularly relevant to seniors
because isolation resulting from health issues, retirement or less involvement with
your family, which increases cognitive decline. Cornwell et al. have found that
online social networks have been associated with successful ageing and that social
connectedness has a positive affect on the rate and extent of cognitive decline.

The Use of Blogs Within VaD

Charlie is a 56-year-old landscape gardener from Glossop in Derbyshire who is
married and has two daughters. Originally from the West Country, Charlie grew
up on a dairy farm and continued to farm the land after his father’s death in 1980.
Charlie was successful as a farmer for more than twenty years until the outbreak
of Foot-and-Mouth disease in 2001. Unfortunately, Charlie’s farm was affected
and his total heard had to be culled. Given his age Charlie decided to retire from
farming, as it would be impossible to return the farm to its former state. He sold
the land and farm and moved with his wife to Glossop. Surprisingly Charlie had
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a keen interest in landscape gardening. He decided to start this as his full time
job. It started slowly as garden maintenance like cutting grass, trimming hedges
and planting flowerbeds. Nonetheless, as the property boom increased Charlie had
contracts for many new housing developments in Glossop and the surrounding
areas eventually building up a strong portfolio within three years of setting up the
business.

In his thirties and forties Charlie started to have bad migraines, however, he put
this down to the stress of working long hours, then losing the farm stock because
of the foot-and-mouth outbreak. Nevertheless, these soon became more common
with mood swings. Following this, Charlie suffered a stroke. Although he recov-
ered, his memory was affected and he now has the early stages of dementia. He
has been diagnosed with an orphan form of VaD called cerebral autosomal domi-
nant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL),
the most common heritable cause of stroke and VaD in adults.

Due to his condition, he could not work full-time meaning he has to spend
much time at home and at times, this makes him depressed, as he is not as outgo-
ing as he used to be.

His two daughters are now married and have left home. One daughter is a
journalist and the other is an interior designer. Both daughters keep blogs about
their fields of work. They believed this could be a good outlet for their father to
continue to talk about gardening sharing his experience with a wider audience.
Charlie had never been a prolific user of ICT or the Internet in general but could
send and receive e-mails in addition to purchasing items on the popular auction
website, eBay.

With the help of his daughters Charlie setup a Tumblr blog called ‘Charlie’s
Garden’. Charlie now blogs throughout the seasons providing advice for keen
gardeners about planting, pruning and designing for spring, summer, autumn and
winter gardens. He has amassed a strong following of more than 100 followers
who regularly comment on his posts and advice. Charlie said of the Tumblr blog:

Writing for my blog ‘Charlie’s Garden’ has changed my outlook. It feels like I get out
more even though I am still in the house—because I get to meet and share with people
from all over the country and the world, not just Glossop!

This tool certainly hasn’t cured Charlie’s condition and more than likely he will
lose all mobility before he is 60 and may not live beyond 65 depending how rap-
idly or slowly his condition progresses. Nonetheless, it allows him to continue to
be engaged with the world and reduces his depressive symptoms.

The impact of using this technology means that patients are able to retain a
sense of self. It helps them to remember things that they did in the past that can be
supported by relatives and friends. For patients with dementia the past is often dis-
connected from the present meaning that relatives and carers often lose track of a
patients mind-set therefore severing the ties of those around us. Blogs have helped
others to share their experiences and share what they are interested in. Connecting
with others to discuss interests can remove the loneliness associated with the dis-
ease, both with relatives and people with the same condition. It allows also acts
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as a personal marker of cognitive abilities that a patient will inevitablely lose at a
later stage. The blogs allow patients to comprehend and preserve a sense of self.

The Use of Tagging with VaD

Joan is a 62-year-old grandmother and she lives with her husband George in
Larkhall just north of Glasgow. Joan has been married to George for 38 years.
They have one son called Jonathan. Joan worked as a telephonist for the
University of Glasgow, however, after she had Jonathan, she gave up work and
became a homemaker. George had a well-paid secure job as the post office post-
master in Larkhall.

The family was well ahead of the curve of having a computer in the home
with George buying his son a Macintosh computer and later a Windows PC with
Internet access. Joan was never interested in the technology and never used it
much. When Jonathan went to university, she progressed to using e-mail for com-
munication. She now enjoys shopping online, searching for interior design ideas
and looking for potential places to visit. George and her always have one holiday
a year.

A year ago, Joan suffered a Cerebral Haemorrhage, which caused bleeding in
the brain. She now struggles to remember how to complete tasks and things that
she had done. To aid this she now uses Pinterest. This allows Joan to pin things
that she has found on the Internet and pin them to a board. It means that she can
instinctively curate what she finds efficiently and easily making her in essence a
curator. George has also included boards about him and Jonathan so she can look
at these to aid the reminiscence process. Reminiscence therapy (RT) is a popu-
lar intervention for those with dementia. It is based on discussion of past events,
activities and experiences with a person or group (Cotelli et al. 2012). It helps
improve cognitive abilities by reminiscing about memories from the past. It can
help prevent depressive feelings and it encourages social involvement resulting in
a positive effect on the participant’s quality of life.

Summary

This chapter presents an overview of how those with orphan diseases can be
helped through the use of Web 2.0 technologies. An introduction to dementia and
its particular types such as VaD was summarised. Then how this can be classed as
an orphan disease through subtypes like CADASIL was presented. A summary of
the particular social media technologies, how they work, and how they are cur-
rently being used has been detailed. Finally, three hypothetical case studies were
detailed to help explain how those with VaD could use these technologies and the
positive outcomes that might be seen.
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Nonetheless, it is worth noting that some challenges still remain. Many
researchers have studied the main barriers as to why older people are not using
the Internet. These are as follows (Norval 2011; Mellor et al. 2008; Age Concern
2010; Lehtinen et al. 2009; Gibson et al. 2010; Sundar et al. 2011; Sayago and
Blat 2011; Xie et al. 2012; Chou et al. 2010):

e Lack of understanding of and confidence with ‘how it works’. A number of
fears and anxieties were expressed about ‘doing something wrong’.

e The only way to handle their lack of confidence is to dismiss the technology,

however, they would be encouraged to use it more if they were given help and

support.

Many feel it is too hard and they are too old to learn.

Affordability—it is too expensive.

Don’t understand why they would need to use it.

Usability, including interface issues that arise from age-related disability and

lack of experience.

e They couldn’t grasp the purpose or benefits of technology like Online Social
Networks.

e Daunted by the technology due to a complete lack of awareness of digital
products.

e They were worried about breaking it.

e They were worried about privacy and security concerns.

e Language was a problem, and terminology used.

Some of the problems are that designers of these Web sites do not think about
older people. In the UK ages between 25 and 34 is the biggest user group
of Facebook at 25.6 % (Fanalyzer 2012) and Facebook’s average employee
(Wealthwire 2012) age is 26. These younger designers don’t consider the needs of
older people or those with VaD regarding the user experience and usability of the
interfaces they use. For example small buttons, complex controls and complicated
interface walkthroughs are a barrier to someone who hasn’t grown up with this
technology and coupled with a lack of manual dexterity this can cause problems
(Independent Age 2011).

To conclude, we have proposed solutions using current Internet technology to
help those with VaD, which was caused by orphan diseases. Barriers and chal-
lenges are clear, however, solutions are becoming clearer which would enable peo-
ple to look after themselves through Health 2.0.
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Vignette: Recessive Dystrophic
Epidermolysis Bullosa (RDEB):
Sibling Experiences

Jason Barron

I was born in late 1987, but my rare disease story really began early in 1991
when my little sister was born with Recessive Dystrophic Epidermolysis Bullosa
(RDEB).

There are so many stories in the rare disease community. Each of us who has
been touched by a rare disease—whether a patient or family member or any other
person who would self-identify as an ally to those struggling with these kinds of
diseases—each of us has a unique perspective. While certainly there can be no
substitute for the first-person perspective of any illness, all too often the picture
we have of a rare heritable disease remains incomplete until we also include the
extended impact on family members, friends and loved ones.

In my case, everything changed the day my sister was born. It’s hard to char-
acterize just how our lives changed, but suffice to say it was a very different kind
of childhood for both of us. When my little sister was born, the very friction—yes
friction—of birth itself was enough to cause blisters and superficial wounds on her
hands & feet. I remember the story vividly as my Mom has described it—

All of a sudden there were all of these doctors in the delivery room, pediatricians, geneti-
cists, other experts, and they kept cropping up throughout the day, taking shifts three to
four at a time. It wasn’t 24 h before the ‘special child’, still fighting for her life in the
NICU was placed up front and center for grand rounds. Everyone was curious about her
because most had never seen a live birth of someone with RDEB.

RDEB is a genetic disease that affects about 5 newborns out of every 1 million
live births in the United States where individuals lack a fully functional copy of
the gene that codes for a very specific type of collagen fiber. In my sister’s case
(and as a recessively inherited disease), she inherited two copies of a collagen gene
that each had a ‘misspelling’ for lack of more expedient descriptor. My parents
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were both carriers and so have no physical expression of the disease. Each of any
children they might have had, including myself, had a 25 % chance of having
RDEB. I was born a healthy boy by any measure. My sister wasn’t so lucky.

Physically, the disease is devastating, chronic, and extreme. Collagen type VII,
the kind my sister lacks, is essential for the body’s tissues to bind to one another.
In most people there is a network of fibers at the exterior surface of the cells that
make up skin and membrane tissues (think of the fuzz on the surface of a peach).
These fibers bind to one another; that’s why our skin behaves as if it’s made up of
one continuous layer—dermis contiguously binding to epidermis. However, in the
absence of Collagen VII, the network lacks integrity and only loosely binds. The
layers of tissue can slide against each other and shear apart at the slightest bump or
rub, creating blisters, wounds, and scarring.

Now I know that might seem pretty dense so here’s the bottom line: imagine
that your skin is so fragile that wearing clothes causes blisters, especially at points
of friction like the armpit, neck lining, and ankles. The pressure from walking
on your feet causes massive blisters that get trapped under layers of scar tissue.
The backs of your eyelids can become scarred and can sometimes scratch the sur-
face of your eyes. Your throat and mouth get blisters and break down if you try
to eat sharp foods like a potato chip, even if you are exceptionally vigilant about
over-chewing. Most cruelly, the repeated scarring in the webs of your fingers and
toes eventually fuse together, eventually denying you the use of your fingers and
thumbs. Indeed, RDEB is one of the most challenging rare disorders.

‘Treatment” mostly consists of cleaning and dressing the wounds and open
areas as needed. This requires daily changes of sterile bandages and medicated
gauze both to promote healing and to create a second barrier against infection.

Have you ever gotten a fresh cut wet? Imagine what it would be like to get into
a bathtub with about a quarter of your skin open and exposed. The whole process
can take up to three hours or more on a bad day. Obviously this kind of care is an
example of doing the best you can; the wounds aren’t going to fully heal and stop
recurring, so it’s a tremendously frustrating situation to be in on many levels.

As I experienced it, at first there were nurses that would come to our house to
help with the daily bandage changes. I was a curious and concerned young boy at
the time, and did my part with jokes and clowning around—anything that could
make her smile and help her through the pain.

As we grew older and started school, additional support was needed, including
an aide that could carry her backpack for her from class to class and help her with
all the logistics. Most people have never tried, without fingers mind you, to twist a
doorknob on a heavy door.

Growing up at school and with people our own ages, as hard as it was for us
just to process how different our experiences were together, it was equally difficult
to express that difference in a way that can really translate and resonate. Children,
by and large, are not known for their empathy and they can be awfully cruel to
others who are different from them. Different can mean having a rare disease that
you couldn’t even hope to explain in a sentence or a short moment. Different can
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also mean being thrust into a situation where you need to be uncommonly kind
and giving just to survive.

Complicating matters, the stress of all of this took my parents’ marriage as col-
lateral damage. I was nine and she was six when they divorced. I remember dis-
tinctly how that felt, how betrayed I felt by my parents. If my sister could get on
waking up every day and face such a tragic illness with a smile and sparkle in
her eye, how dare they quit on each other and on us? For years we traveled back
and forth for 5 h in a car each way every other weekend. Five hours to Dad’s for
the weekend. Five hours back to Mom’s on Sunday afternoon so we could go to
school the next day. My role as a caregiver throughout this period was initially
modest. As we became older I consistently had to teach home health nurses how to
properly debride a wound where the remaining skin was as fragile as tissue paper.
I just wanted to make sure it was done correctly. Every detail counts. I had come
to know her and her care so well and there was just so much need, so much end-
less detail from counting supplies to cutting bandages and preparing them for use,
that every little bit of help I could give really mattered. I knew that instinctively.
She would have done more herself if she could have, but with such little manual
dexterity, how could I not try to help?

You know it’s odd—as I write this I realize that this may not make a lot of
sense to you. To be honest, it doesn’t make a lot of sense to me either. It’s very
hard to describe an experience like this. Somehow the words seem so hollow com-
pared to the truths that lay behind them—the reality of it all. To this day, it’s a
challenge for me to remind myself that most people don’t recognize the necessity
behind it all seeing as they haven’t lived through this. People talk about ‘unmet-
medical needs’. It’s remarkable how such a small phrase could have such diverse
urgency behind it. What’s clear is that, we need new options to intervene right at
the root cause of these diseases, to correct genetic errors and develop new strate-
gies toward real and lasting cures.



Health Policies for Orphan Diseases:
International Comparison

of Regulatory, Reimbursement

and Health Services Policies
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The Minority is always right
HENRIK IBSEN (An Enemy of the People)

Abstract Access to drugs for rare diseases varies considerably, not only in terms
of which drugs are reimbursed but also which patients get access. Five-year-old
Luc has been diagnosed with MPS II (Hunter’s Syndrome), a genetic disorder with
progressive debilitating symptoms affecting the joints and major organs and, in
some children, cognitive functioning. The good news is that there is an approved
drug treatment that is effective in “slowing the progression of symptoms”; how-
ever, the pivotal clinical trials were only conducted with children over the age of
five who had no cognitive impairment. While disease severity is hard to diagnose
at an early age, his physician believes Luc has some cognitive impairment. Luc’s
ability to get access to treatment depends on where he lives.

Prologue

Access to drugs for rare diseases varies considerably, not only in terms of which
drugs are reimbursed but also which patients get access. Five-year-old Luc has
been diagnosed with MPS II (Hunter’s Syndrome), a genetic disorder with pro-
gressive debilitating symptoms affecting the joints and major organs and, in some
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children, cognitive functioning. The good news is that there is an approved drug
treatment that is effective in “slowing the progression of symptoms”’; however, the
pivotal clinical trials were only conducted with children over the age of five who
had no cognitive impairment. While disease severity is hard to diagnose at an early
age, his physician believes Luc has some cognitive impairment. Luc’s ability to
get access to treatment depends on where he lives.

The drug is expensive, costing an estimated $500,000 per patient per year
(Simoens et al. 2013). In many low- and middle-income countries, Luc has no
access unless his family has private drug insurance coverage. In France or Belgium,
Luc would not get access to treatment right away. If Luc were in Great Britain, he
would be assessed against the access guidelines; he would be likely to be treated
but his physician and parents would be consulted.! In Germany, Luc’s cognitive
impairment would disqualify him. In Canada, Luc’s treatment access would depend
on which province he lived in. In some provinces, the drug is not funded under the
public drug plan, while in Ontario, Canada’s largest province, Luc would not get
access until he turned 6 years old and then only if he did not demonstrate cognitive
impairment. He demonstrated significant cognitive decline, he would be taken off
therapy.? In Taiwan, Luc would also need to demonstrate that his disease did not
affect his cognitive functioning, but if he qualified, he would not only have his drug
treatment covered but would also have access to education and social support.® In
Korea, Luc would have access to a very well resourced MPS clinic where his treat-
ment would be individualized and his response monitored. In Australia, Luc could
apply for treatment under the Life-Saving Drugs Program; however, if he demon-
strated significant neurological decline, his therapy would likely be discontinued.*

Introduction

The lack of consistency in national policies for rare diseases results in not only
inequities and uncertainties for patients and their families but also disincentives
for advancing research and development in new treatments, thereby undermining

I Vellodi A. Mucopolysaccharidosis type II: Guidelines for assessment, monitoring and
enzyme replacement therapy (ERT). http://www.specialisedservices.nhs.uk/library/23/
Guidelines_for_Mucopolysaccharidosis_Type_Il.pdf.

2 Ontario Public Drug Programs Exceptional Access Program Elaprase (idursulfase)—
Reimbursement guidelines. Ontario Ministry of Health and Long-Term Care. http://www.health.
gov.on.ca/en/pro/programs/drugs/pdf/elaprase_reimburse.pdf.

3 New hope for MPS II, Enzyme replacement therapy lauches in Taiwan. http://www.tfrd.org.tw/
english/news/Cont.php?kind_id=61&sid=27&top =NEWS%20AND%20EVENTS.

4 Guidelines for the treatment of Mucopolysaccharidosis Type I (MPS II) disease through the
life saving drugs program. Australian Government Department of Health and Aging, July 2012.
http://www.health.gov.au/internet/main/publishing.nsf/Content/lIsdp-info/$File/FINAL%20
MPS%2011%20Guidelines%20-%20July %202012.pdf.
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the purpose of the orphan drug policies. It is not surprising that health policies for
rare conditions vary considerably across jurisdictions, given the disparities among
policies for common diseases. And just as there is no single best healthcare sys-
tem, there is no “best practice”” when it comes to rare disease policies. This review
provides a snapshot of current policies and practices but given the rapidly evolv-
ing environment is most likely out of date even while being researched and writ-
ten. The discussion is organized around three policy arenas: regulation of orphan
drugs, patient access to drugs, and health services policies.

The regulatory policy arena governs safety and efficacy of drugs for mar-
ket approval, and in many jurisdictions this also addresses support for clinical
trial design (specific to small populations) and incentives for research and devel-
opment. Access policies address how drugs will be made available to patients,
including procurement, funding, reimbursement, and conditions for access. A
formalized health technology assessment process in some jurisdictions defines
appropriate use and value for money but assessment is complicated by the fact that
there are publicly and privately funded insurance schemes (often with differential
access), as well as limited long-term data and high per-patient costs. The health
services arena encompasses newborn screening, centres of expertise offering cen-
tralized diagnosis and treatment guidance, patient registries, programs of care and
support, and empowerment of patient groups. Research policies and programs cut
across all of these arenas. Finally, it is important to note that in almost every coun-
try, the two major proponents of rare disease and orphan drug policies have been
the patient organizations and the drug manufacturers, with researchers and policy
makers playing instrumental roles in shaping and assuring their acceptance.

Orphan Drug Policy

The starting point for most rare disease initiatives is regulation for orphan medici-
nal products. While Japan has the distinction of being the first country (in 1972) to
designate research funding and medical expense support for “rare and intractable
diseases”,” the real origins of the proliferation in rare disease treatments was the
USA Orphan Drug Act. Passed in 1983 due to strong advocacy from the National
Organization for Rare Disorders (NORD) and the support of key legislators in the
House and Senate, the Act’s explicit purpose was to remove barriers to “commer-
cially viable” research and development into “rare and neglected” diseases. To that
end, it provided incentives in the form of research and development grants, tax

rebates for clinical testing, protocol assistance, fee waivers for registration,

5 Orphan drugs in Japan. Orphanet: About orphan drugs. http://www.orpha.net/consor/cgi-bin/
Education_AboutOrphanDrugs.php?Ing=EN&stapage=ST_EDUCATION_EDUCATION_
ABOUTORPHANDRUGS_JAP.
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expedited regulatory review, and market exclusivity for a period of 7 years.® Japan
followed with similar regulations in 1993, although using a much narrower defini-
tion of rare (1 in 30,000) persons as compared to the USA (fixed number of
200,000 persons or approximately 1 in 1,600) and market exclusivity of 10 years.
In 2000, the European Union implemented the Orphan Drug Act, applicable to all
27 Member States, setting the now commonly accepted prevalence of a rare disease
as 5 in 10,000 persons with the additional criteria that the disease be considered
life-threatening, seriously debilitating or a serious and chronic condition and hav-
ing no satisfactory diagnosis, prevention or treatment. Market exclusivity was set at
10 years, but the tax incentives for research and development costs are at the dis-
cretion of individual Member States and therefore quite varied.” Despite differ-
ences, the current US Food and Drugs Administration (FDA) and the European
Medicines Agency (EMA) orphan drug frameworks so similar that a single appli-
cation often suffices in filing for orphan designation from both regulatory agencies.

Several other countries have adopted or are in the process of developing rare
disease/orphan drug policies.® Australia has announced the intention to update its
Orphan Drug Program, initially put in place in 1997 for the purpose of importing
rare disease drugs. It relies primarily upon the US FDA designation and approval
and also offers waiver of filing fees, expedited review and a five-year market exclu-
sivity (but no R&D incentives). In 2012, Rare Voices Australia was registered, cre-
ating an umbrella organization for rare disease groups. Canada has been very slow
to recognize rare diseases. In 1996, Health Canada released an official position
stating that orphan drug legislation was not necessary since market authorizations
were being granted under current regulations. However, in 2012, after nearly a dec-
ade of advocacy led by the Canadian Organization for Rare Disorders and the bio-
technology industry, Health Canada announced the establishment of an Orphan
Drug framework, adopting the European criteria for orphan designation as diseases
with a prevalence of less than 1 in 2,000 and also being seriously debilitating or
life-threatening with no effective therapy. At the time of the announcement, the
regulations included protocol assistance, fee waivers for registration, and expedited
review but no provisions for tax incentives or market exclusivity.

In Asia, the countries with orphan drug initiatives are Singapore (1991), Taiwan
(2000), and South Korea (2003) Wong-Rieger (2012). Singapore, similar to Australia,
has developed a policy directed towards importing drugs for patient access and, to
that end, requires only that the drug be approved in the country of origin. Taiwan’s

6 Orphan drugs in the United States of America. Orphanet: About orphan drugs.
http://www.orpha.net/consor/cgi-bin/Education_AboutOrphanDrugs.php?Ing=EN&stapage
=ST_EDUCATION_EDUCATION_ABOUTORPHANDRUGS_USA.

7 Orphan drugs in Europe. Orphanet: About orphan drugs. http://www.orpha.net/consor/cgi-bin/
Education_AboutOrphanDrugs.php?Ing=EN&stapage=ST_EDUCATION_EDUCATION_
ABOUTORPHANDRUGS_EUR.

8 2012 Report on the state of the art of rare disease activities in Europe. Part 1: Overview of rare
disease activities in Europe. http://ec.europa.eu/health/rare_diseases/docs/eucerd2012_report_
state_of_art_rare_diseases_activities_1.pdf.
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Rare Disease and Orphan Drug Act defines a rare disease as affecting fewer than 1
in 10,000, genetically based, and difficult to treat. The Act is very comprehensive,
covering R&D, expedited review and 10-year market exclusivity, as well as treat-
ment, care and supportive services. South Korea’s regulation applies to rare diseases
with a prevalence of less than 20,000 (fewer than 2.5 per 10,000) and with no avail-
able treatment, offering priority review and six-year market exclusivity. In China, no
explicit orphan drug or rare disease policies have been enacted, but companies are
already doing research and development on drugs for rare diseases. Similarly, despite
the lack of Orphan Drug legislation, several rare disease drugs have been discovered
by Canadian-based organizations, though most relocate to another country (with
financial incentives) once clinical trials are begun. In 2012, the Canadian government
announced its commitment to implement an Orphan Drug Policy (Gupta 2012). In
addition, Brazil, Argentina and several Latin America countries, are in the process of
developing policies for rare diseases but few provide R&D incentives at this time.

Drug Reimbursement Policies

In addition to policies that provide incentives for companies to develop orphan drugs
and regulatory policies that support the appropriate clinical testing and approval of
drugs with small patient populations, in order for patients to have access there must
also be policies for funding and reimbursement. In the USA, the reimbursement of
drugs is determined primarily by market forces and prices negotiated between the
manufacturers and multiple public and private payers with complex arrangements
that include discounts, rebates, subsidies, grants, service agreements, support initia-
tives, and compassionate access programs, just to name a few. Government-funded
and government-mandated Medicare drug coverage usually applies to rare disease
but the eligibility and actual coverage appear to vary considerably with no clear
process for vetting medicines for inclusion in the drug listings. Patients with private
insurance have generally been able to get coverage for approved drugs but face hur-
dles in terms of deductibles or co-pays that typically range from 10 to 50 %, putting
many orphan drugs out of reach. The market price for orphan drugs (in Europe) is
estimated to range from $1,500 to $520,000 (US) with a median price of $42,000.
Recently introduced orphan drugs tend to be at the higher end of the scale, espe-
cially for ultra-rare diseases (incidence of fewer than 1 in 100,000) and genetic-
based therapies that benefit only subtypes with specific genetic mutations (examples
of cystic fibrosis, lung cancer, and myelofibrosis) (Simoens 2011).

While the EU has one centralized regulatory agency, the European Medicines
Agency that provides market authorization for the sale of drugs, reimbursement is
the responsibility of the 27 Member States and, therefore, patient access varies
considerably. According to one report, France, Netherlands, and Denmark have the
highest number of orphan drugs available (93-87 % of approved drugs) followed
by Sweden, Italy, Belgium and Hungary (71-65 %). Substantially fewer drugs are
available in Spain, Romania, and Germany, which list 33-25 % of the available
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drugs. However, it is important to note that even within a jurisdiction there is a
lack of consistency in the approach.’

France, one of the leaders in orphan drug access, considers only the “clinical”
added value of the drug and negotiates a price based on projected improved health
outcomes. Other jurisdictions subject rare disease drugs to health technology assess-
ment (HTA), although the lack of alternative therapies and the relatively high costs
of orphan drugs make traditional HTA methods difficult to apply (Garau and Mestre-
Ferrandiz 2009). Countries such as the Netherlands, Italy, Sweden, and Scotland
calculate “value for money” either at the time of launch or later. For example, the
Netherlands funds innovative drugs at 80-100 % reimbursement while setting up a
post-market process to collect data for subsequent cost-effectiveness assessment. If
the drugs are determined not to be cost-effective, the funding is stopped. However,
in 2012, when the Dutch Healthcare Insurance Board tried to discontinue funding
for two rare diseases, Fabry Disease and Pompé, based on a CEA of an incremen-
tal cost-effectiveness ratio (ICER) of €3.3 million per quality-adjusted life-year
(QALY), there was a huge outcry from the patient and clinical community, pointing
out that sub-group analysis would provide more accurate outcomes.

Belgium’s conditional reimbursement program applies to innovative medicines,
including drugs for rare diseases, which are eligible for a “price premium” based
on factors not demonstrated at the time of launch. The company has 18-36 months
to confirm added value with the possible outcomes of maintaining the price,
changing the listing, or withdrawing the product. There is no record of withdrawal
of any rare disease drug for lack of evidence.

Across Europe, while respecting national sovereignty and differential ability to
pay, there is growing pressure to operationalize a “single” access model. This is being
driven by many factors, including the EU directive for cross-border healthcare, inter-
national Centres of Expertise that are producing international guidelines for diagnosis
and treatment, and the necessity to collect consistent post-market surveillance data on
long-term safety and effectiveness. To that end, the European Committee of Experts
on Rare Diseases has endorsed a process that provides a continuum between pre-mar-
ket authorization practices (clinical development) at the EU level and post-marketing
authorizations practices at member state level, entitled, Clinical Added Value of
Orphan Medicinal Products-Information Flow (CAVOMP-IF).0 This framework, in
many respects, encapsulates the “coverage with evidence developing” approaches that
have been developed by funding and reimbursement bodies to allow for patient access
to medicines, including orphan drugs, approved without “robust” safety and clinical
outcomes measures because they address unmet needs, intervene with severe or life-
threatening conditions, or offer significant advantage over existing therapies. On the
one hand, in situations where there are gaps in data, a premarket economic assess-
ment may not provide valid or useful information; on the other hand, it is important to

? Le Cam Y. Inventory of access and prices of orphan drugs across Europe: A collaborative work
between national alliances and EURORDIS. ERTC_13122010_YLeCam_Final.pdf.

19 EUCERD Recommendation for a CAVOMP information flow. September 2012.
www.eurordis.org/sites/default/files/cavomp.pdf.
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make the therapies available to the broader patient population while monitoring
patient response and collecting patient outcomes in real-world settings. Under
CAVOMP-IF, the appropriate value (price) of the medicine is not determined until
sufficient data have been collected over time.

There are many examples of this approach but the best documented has been
the United Kingdom program for ultra-rare diseases managed by the Advisory
Group for National Specialized Services (AGNSS). Patients are placed on therapy
if they meet defined “start” criteria (biometric, functional, and other indicators)
based on evidence from clinical trials); they stay on therapy if they meet pre-
defined “benchmarks” indicative of response to therapy (biomarkers, functional
ability, or clinical outcomes) and they “stop” treatment if they show evidence of
adverse effects or no effects.!!. Beginning in 2013, AGNSS is being subsumed
under the National Institute for Clinical Excellence, which also conducts the HTA
for therapy (drugs, devices and procedures) for common conditions.

This approach includes “performance-based risk-sharing” models whereby
payers are seeking to offset “performance uncertainty” at the time of the market
introduction with greater “budget certainty”, either at the time of introduction or
in the future. Examples include dose capping, that is, a maximum number of doses
reimbursed regardless of the number required by the patient to achieve clinical
outcome (Avastin in Germany), price adjustments and paybacks based on actual
clinical results (drug for Multiple Sclerosis in the UK), access based on subgroups
(Revlimid for multiple myeloma in the UK), and pricing based on outcomes
(Velcade in UK). There are many challenge with these performance-based reim-
bursement schemes, most notably data collection.

Underlying all of these policies is the question of “fairness” or equitable access.
The ultimate goal of rare disease and orphan drug policies is to provide principles
(and guidelines) for “consistent” decision-making that leads to “equitable” access.
An access policy needs to consider the public health benefits of diagnosing and
treating a rare disease whenever possible, the human rights of all patients to access
treatment, and the ethical imperative to save a life or reduce the impact of a debili-
tating condition whenever possible. Clearly, reimbursement policies for orphan
drugs will continue to evolve and become even more complex with new therapies
that are targeted to even smaller rare disease subtypes, reliant on genetic testing to
determine likely responders, and used in combination or sequentially.

Comprehensive Rare Disease Policies

Despite the emphasis on orphan drugs, only 5% of rare diseases actually have an
approved drug therapy, with many more diseases using drugs off-label, often with-
out clear policies or guidelines for access or reimbursement. Clearly, comprehensive

'l Appraising orphan drugs. National Institute for Health and Clinical Excellence. http:/www.
nice.org.uk/niceMedia/pdf/smt/120705item4.pdf.
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rare disease strategies need to encompass more than innovative drugs. In 2009, the
European Union called upon all Member States to develop national plans for rare
diseases. According to a 2010 status report, the 27 EU members as well as Norway,
Switzerland, Croatia, Turkey, and Israel have all consulted on and developed plans
addressing some or all of the recommended categories, including:

Definition of a rare disease

National plan/strategy for rare diseases and related actions

Centres of expertise

Registries

Neonatal screening policy

Genetic testing

National alliances of patient organisations and patient representation

Sources of information on rare diseases and national help lines

Best practice guidelines

Training and education initiatives

Rare disease events

Research activities and E-Rare partnership

Participation in European projects

Orphan drugs (Orphan drug committee, Orphan drug incentives, Orphan drug
availability, Orphan drug reimbursement policy, Other initiatives to improve
access to orphan drugs, Orphan drug pricing policy)

e Orphan devices

e Specialized social services.

The French National Plan for Rare Diseases was implemented in 2004 and serves
as the standard for the recommendations in the European.'> While France contin-
ues to invest in its rare disease strategy, it is not clear how other countries will pro-
ceed with implementation of the proposed plans, given the economic constraints
and competing interests.

Other International Rare Disease Policies
Asia

Much of the credit for Taiwan’s rare disease policies goes to the Taiwan Rare
Disease Foundation, which was started by parents as a mutual help association. The
Foundation does fundraising to provide public awareness as well as a host of medi-
cal, educational, and social services, including medical equipment, patient scholar-
ships, camps, and cultural events. According to the Foundation, the 37 articles of

12 The French national plan for rare disorders. EURORDIS. http://www.eurordis.org/content/
french-national-plan-rare-diseases.
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the Rare Disease and Orphan Drug Act were negotiated among the patients, manu-
facturers and government to include not only the acquisition of orphan drugs but
also diagnosis and treatment, prevention, and access to specialized medicines and
nutritional supplements. Patients who are recognized by the Department of Health
as having a rare disease are eligible for reimbursement for medical and nutritional
expenses (70-100 % depending on income) Song et al. 2012.

Latin America

In Latin America, several countries have passed orphan drug or rare disease laws
but there appears to be little enactment. In many cases, policies and facilitating
regulations are still being negotiated 2—3 years later (Wong-Rieger 2012).

In Argentina, both levels of Parliament endorsed a national rare diseases law,
which adopts the European definition of 1 in 2,000 persons and mandates coverage
under the public and private insurance schemes. In addition, there is reference to
patient registries, neonatal screening, and educational, social and support activi-
ties. Moreover, to coordinate these actions, the act proposed a central multidisci-
plinary committee, including patient organizations. Indeed, a driving force behind
the legislation has been the Geiser Foundation (Grupo de Enlace, Investigacién y
Soporte—Enfermedades Rares), a Latin American regional network comprised of
patients, families, and professionals, founded in Argentina to advocate collabora-
tively across diseases and borders.

In 2011, with support from Geiser and Peruvian patient groups now under
the banner of the Peruvian Federation of Rare Diseases (Federacion Peruana de
Enfermedades Poco Comunes, or FEPEPCO), Peru passed a law that addressed
both orphan drug access as well as a national strategy for diagnostics, surveillance,
prevention, care, and rehabilitation. Without even a definition of rare disease, the
legislation still requires considerable detail although it has provided a platform for
patient activities.

Colombia’s rare disease law affects about 3.8 million Colombians, but, accord-
ing to advocates, patients feel “abandoned and neglected” because there are nei-
ther procedures nor funding to allow people to access the promised healthcare
services.!3. These would have to come from the Congress and specifically the
Finance Minister; meanwhile advocates continue to host discussions and engage in
awareness activities.

While Mexico does not have a distinct rare disease law, provisions of the
Mexican General Health Law (GHL), which came into effect in January 2012,
defined, for the first time, rare diseases and orphan drugs. Under the Article, an
orphan drug is used to diagnose, treat, or prevent a rare disease, affecting no more

13 Govt lacks funds to treat 3.8 M Colombians. Colombia Reports. 25 Feb 2011. http://colombia
reports.com/colombia-news/news/14608-govt-lacks-funds-to-treat-38m-colombians.html
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than five in 10,000 individuals.!* Moreover, the Health Ministry has the power to
implement measures necessary to encourage and promote access to orphan drugs,
including the making of recommendations to National Health Institutes with regard
to R&D. Finally, the law allows the Federal Commission for the Protection against
Sanitary Risks (COFEPRIS) to establish the provision to govern market authoriza-
tion for orphan drugs; however, these do not currently provide the same data pro-
tection and market exclusivity as the USA, Europe or other developed countries.

Brazil’s regulatory framework states that orphan drugs should have “fast track”
review but provides no specific guidelines or procedures for doing so; rather orphan
drugs are subject to the same requirements as drugs for common conditions, which
negatively impacts on market approvals.'> There are no other special provisions for
rare diseases or orphan drugs. However, some rare disease patients have been suc-
cessful in gaining access to drugs by bringing lawsuits against the government, based
on the universal “right to health” guaranteed in the Brazilian constitution. Key to suc-
cess of this strategy appears to be good clinical protocols, supported by physicians
and lawsuits advanced by lawyers, many of which have provided work pro bono or
through the support of patient associations. In some cases, the government has been
willing to grant patient access even before the lawsuits are filed in the courts.

Conclusions

The modern era in rare diseases has been driven primarily by two important fac-
tors: engagement of patient organizations and orphan drug policies. Patient
groups, whether family-based, disease specific, or cross-disease international alli-
ances, have served as the focal point for raising awareness and generating sup-
port across public, private, and political stakeholders to galvanize research and
development in treatments for rare diseases. While the sequencing of the human
genome, completed in 2000, has greatly facilitated the identification of the genetic
causes of rare diseases, it was patient advocacy led by NORD in the 1980s that
led to the creation of the US FDA regulatory framework that has incentivized the
transformation of genetic knowledge into effective therapies. Almost every other
country that has implemented orphan drug policy has elements analogous to the
US Orphan Drug Act, and these consistencies have allowed international R&D,
including clinical trials, essential to small patient populations.

The lack of consistency across countries in post-market policies not only
affects patient access but also undermines a critical element of R&D for orphan

14 Mexico defends orphan drugs but questions remain; US patent deal. The Pharma Letter,
14 March 2012. http://www.thepharmaletter.com/file/111811/mexico-defines-orphan-drugs-
but-questions-remain-us-patent-deal.html.

15 Focus Report: Brazil http://www.pharma.focusreports.net/index.php#state=InterviewDetail
&id=1465.
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drugs, and that is the need to collect long-term data on safety and effectiveness in
real-world settings with a critical number of patients. International patient regis-
tries pooling outcome measures from patients with similar access is an essential
strategy for pre-market approval and equally vital for post-market evaluation. The
barriers to collaboration on patient access policies are primarily political and eco-
nomic, not clinical or technical. The recommendations of the European Committee
of Experts on Rare Diseases for an uniform access framework based on the clini-
cal added value of an orphan medicinal product is an important step forward and
should be embraced by all countries.

Not all rare disease do and could benefit from drug therapies but all rare dis-
eases can and should benefit from health services, at least equitable to those for
more common conditions. While health services policies will reflect the realities
of the health, social, educational, and economic systems of each country, there
is much that can and is being adapted across borders. However, a commitment
to a national policy is a necessary first step but not sufficient. Implementation
requires resources and engagement at all levels and, again, much can be achieved
through international collaborations and especially the engagement of the patient
organizations.
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Vignette: Route 125 (October 2009)

Jeneva Stone

We were all, in my household, climbing slowly out of an HIN1 flu-induced fog,
through a long weekend of rain oscillating heavy and light against the peaks and
valleys of the rooflines, the skylights, and against the quiet black asphalt of the
neighborhood street beneath my bedroom window.

I hadn’t been that sick for a long time, and when I couldn’t quite sleep and
couldn’t quite rouse myself, the road through the valley of the last year, from early
March until the present, was the path on which my thoughts moved.
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Early in 2009, we were certain there would be a diagnosis, finally, for Robert:
an Israeli lab would run a genetic analysis for nup62, a gene implicated in bio-
tin-responsive basal ganglia disease. That Robert’s disease improved with biotin
was our most significant finding. In early March, waking to the ash-gray light of a
freak snow day for the kids, I opened the lid of my computer inside the silence of
our house and read the email: no test could proceed as an interruption in funding
had caused the lab to suspend testing for nup62. It was the only lab in the world
that did the analysis.

We had arrived at the right test. We had found the right lab. All the lights were
green in front of us. Now the stop sign of an email telling me there would be no
test.

The brakes went on then. Hard. And, as it happens when life is at a certain
speed, our habits of thinking, immutable as objects, continued traveling at speed,
freed temporarily from reality, until, one by one, they lost velocity and stopped
or crashed, as the case may be. And that’s really a heap of broken images shored
against our ruin.

I spent a lot of time over the next few months, picking things up. Over and over
again. Because it took me a long time to realize that there really had been a para-
digm shift and that stuff was going to keep falling off the shelves, no matter how
many times I put it back.

The bumper of a car is there to absorb impact. It bends or creases, gives with
the incoming shock, and what it doesn’t absorb reverberates through the frame,
through the passengers, and the energy dissipates or goes somewhere else, unspec-
ified. While I was lying in bed, sick, I started wondering if that’s how an emotional
shock works. An event comes at you at a certain speed—sometimes you’re facing
it, sometimes you’re looking the other way—and it impacts the soft and hard mat-
ter of your body, your self. The way you see things. Such as how would I come
to understand how Robert was constituted of his condition, and how the world
would come to accommodate him or not. And whether I could stand that. And how
I would come to reframe this life, our lives, even if I could.

Other people see the way an event hits you, but they don’t see the way the
shock reverberates through your frame. Because the impact has to go somewhere.
It has to dissipate. And sometimes it takes a long time for that shock to travel
through your psyche, animating different parts, and where it exits may surprise
even you. And it may exit in many places over time.

Mostly, I lay there and thought that, since the impact of March, I had never
been sure if I were moving or standing still. Moving under my own power, or
moving with a forward momentum over which I had no control. Standing still as
in still standing, or merely stopped.

To check my velocity back in March, I’d called our friend Andrew, a geneticist.
The human genome is a vast forest, I think he said, or so I imagined him saying.
Unknown, uncharted territory. The brain the organ most dependent upon the great-
est number of variants, variables, and unfortunate mutations. He found online,
without even blinking, it seemed, all of the relevant journal articles by the medical
researchers who’d studied infantile bilateral striatal necrosis and biotin-responsive
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basal ganglia disease. Their research focused on familial and co-sanguinous rela-
tionships—the deepening of the genome in populations that recycle their genetic
material. These groups are the foundation of genetic research, but often little of
this is applicable to a larger population—the rest of us with our sometimes inher-
ited and sometimes ‘sporadic’ mutations and variants.

And therein lies the problem. Even if Robert had an implicated SLC19A3
folate transporter or a nup62 defect responsive to biotin, Robert is not a descend-
ent of Bedouin tribesmen. His genome is radically different. So, diagnosis would
be only information, in the phrase my cousin and I frequently use, to file in the
‘good to know’ category of our minds. Robert’s genome reflects Ashkenazi Jews,
French-Canadian Catholics, the British middle class of the 17th century, the
Swedes, and the general roil of American intermarriage from 1620 on.

The implications of such a finding for his treatment would still be guesswork,
said Andrew in conclusion. However, the job of an essayist is to drive the mind of
the reader through a variety of material and toward an end of some sort, if not a
conclusion.

Let me take you on one of my favorite few miles of road: from Ripton,
Vermont, on Route 125 into East Middlebury. I’ve driven this road often, under a
lot of different conditions (both environmental and emotional) and in different sea-
sons. The road descends sharply from an open plateau, broad meadows, through a
forest and along a creek. As you descend, the creek is on the right and, on the left
are steep banks—a mountain wall.

My memories of this road cast it mostly in dark and shadow, partly because the
forest is quite thick, and partly because I've driven the road at night many times—
once at 3 or 4 in the morning after one of the most significant realizations of my
life. The road is steeply curved and sharply banked. One moment momentum
draws the car hard to the right, toward the creek, and then the car is drawn rapidly
back toward the mountainside. And again and again. In the dark, headlights catch
the sharpest point of each curve, a series of reasonably harrowing hairpin shifts,
illuminating whatever natural object could have been your demise, before shifting
back toward the road and relative safety.

In the dark of my college years, I drove by watching the white line that marks
the edge of the road, not the double yellow in the center. And braking judiciously,
but not continuously. It was, at that point in my life, fun in its own way.

Let’s just say I drove this road at intervals during a period when danger of all
kinds seemed inviting rather than frightening. But I always felt a twinge of relief
at the moment the road straightens and levels and pours itself into the village at the
base of the mountain.

The road becomes an oscillation between the poles of what could still hap-
pen and what didn’t. And it dissipates and the energy fades in a village of frame
houses that never quite seem to change—a place I’ve never actually lived, but a
place in which I always imagined I would be happy.
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Introduction

Rare diseases present special challenges to the rare diseases community. The com-
munity includes research investigators, clinicians, funding organizations in the
public and private sectors, patient advocacy groups, the biopharmaceutical and
medical device industries and the regulatory agencies. The challenges that need
to be met include expanding the knowledgebase of the approximately 7,000 rare
diseases and conditions, patient recruitment for clinical trials, and training of clini-
cians to increase the pool of investigators, developing a research emphasis on rare
diseases, gaining the interest of research investigators. The lack of patients in any
one location requires novel approaches to conducting research and the develop-
ment of orphan products for rare diseases. These approaches have resulted from
the global distribution of patients requiring families, health care providers, the
research community and patient advocacy groups across borders and continents.
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Challenges of Expanding the Knowledgebase of
Rare Diseases

The major task is to increase understanding of rare diseases. Optimally this
would be during the training programs of clinicians. However, with so many dis-
eases under the rare diseases umbrella, it is unlikely that most physicians will be
exposed to all of the rare diseases encountered in their practices. The rarity of the
diseases precludes exposure of most physicians to many rare diseases. In recent
years, tremendous emphasis has been placed on participation in patient registries,
natural history studies and epidemiological studies. Only after a critical mass of
data from larger cohorts of patients with a rare disease we will be capable of pro-
viding fundamental characterization and delineation of the heterogeneity in patient
populations. This data will help identify the severity of diseases in all age groups
throughout the lifespan. Results from these studies will establish reliable data on
the prevalence of rare diseases. How we observe the efforts of interventions and
better clinical care, standards of care should emerge for the treatment of rare dis-
eases, including appropriate use in emergency and critical care settings. This is the
basis of establishing the Global Rare Diseases Patient Registry Data Repository
(GRDR) to capture data from patients around the world (Forrest et al. 2011).
GRDR was initiated by the ORDR to collect de-identified patient clinical data for
research and test data mapping, the data import/export processes of new and exist-
ing registries, and to promote data sharing (Rubinstein et al. 2010a, b).

With a majority of rare diseases having a genetic component, it is important to
identify and understand the roles of genotype and phenotype expressions occur-
ring in individual rare diseases. The promise of more accurate molecular diagno-
sis resulting from improving whole genome sequencing and analysis capabilities
provides hope to many patients with rare diseases. We are observing a change
in product development as we expand the knowledgebase of genetic predispo-
sition of patients responding as we have seen with KALYDECO, a prescription
medicine used for the treatment of cystic fibrosis (CF) in patients age 6 years
and older who have a certain mutation in their CF gene called the G551D muta-
tion (KALYDECOTM (ivacaftor) Tablets: highlights of prescribing information;
Insights from the Kalydeco journey: a real life story of progress and possibility).
We also realize that the rare diseases can inform about more common diseases.

One major need is the rapid transfer of new and useful information about indi-
vidual rare diseases. The scientific and biomedical communities need to expand
and make more accessible long-distance learning opportunities for the diagno-
sis and treatment of rare diseases for practitioners and trainees alike. Most major
scientific conferences and rare disease-specific research workshops will have an
emphasis on rare diseases. To increase participation on a global basis to the rare
diseases communities throughout the world expanded access to the conferences
needs to occur. The conclusions and outcomes, particularly improved diagnostic
criteria and better treatment methods, need to be communicated utilizing availa-
ble information technology resources. Organizers and sponsors of research-based
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conferences should utilize available resources to expand access and virtual attend-
ance at these conferences. Many scientific conferences on rare diseases can be
accessed from ORDR website (Scientific conferences).

Small clinical trials are appropriate and even a necessity in various contexts
that include rare diseases. Being able to conduct them with scientific rigor is of
increasing importance in the current regulatory and scientific environment. The
Office of Orphan Products Development at the US Food and Drug Administration
(FDA), in collaboration with the National Institutes of Health (NIH) Office of
Rare Diseases Research (ORDR), National Center for Advancing Translational
Sciences (NCATS), conducted several 2-day public courses titled The Science of
Small Clinical Trials. This course presented an overall framework and provided
training in the scientific aspects of designing and analyzing clinical trials based on
small study populations. The goal of this course was to engage and educate FDA
reviewers, NIH scientists, clinicians, academics and industry representatives with
experience in human subject research, seeking to build upon their existing knowl-
edge and to obtain a broader context of what is known about small clinical trials
across medical products (e.g. drugs, biologics, and devices). The course brought
together subject experts and stakeholders to discuss examples of small clinical tri-
als and to identify strategies and trial designs that are conducive to overcoming the
challenges of executing clinical trials using small study populations. Speaker pres-
entations and webcast recordings can be accessed (The FDA_NIH science of small
clinical trials course 1 website).

The value of and need for Natural History Studies have been recently recog-
nized and emphasized. Natural History Studies provide useful information on the
progression and etiology of the disease. In addition, these studies are useful in
developing research hypotheses that can be tested in clinical trials. Natural History
Studies also help in identifying genetic variability in rare diseases patients and in
establishing clinical endpoints for trials. These studies provide patient cohorts will-
ing to participate in clinical trials thus avoiding long delays between various phases
of clinical trials usually encountered in recruitment of subjects. A workshop on
Natural History Studies of Rare Diseases was recently organized by FDA and NIH
and is available as a resource (Workshop on natural history studies of rare diseases).

The globalization of the pharmaceutical and devices industries has expanded
to emphasize rare diseases in recent years. Recognition of access to niche markets
for rare diseases, even with a small population in individual countries, now ena-
bles a research, development, and marketing access to patients around the globe.
Patients and clinicians are learning of newer interventions more readily.

Challenges to Patient Recruitment

One of the major barriers to initiating and completing clinical studies in a timely
fashion is recruiting a sufficient number of patients. For rare diseases this can be
particularly problematic with patients distributed over a large geographical area or
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even in a number of different countries. When this occurs, investigators and spon-
sors must understand and consider the cultural, ethical, legal and social issues
related to data gathering and sharing of information between multiple diverse pop-
ulations. In one respect this could be considered a positive outcome as we observe
the genetic similarities or diversity that can occur in more distributed global popu-
lations. With the increased development of genetic and molecular diagnostic tests,
particularly from whole genome sequencing tests and analyses, identification of
more homogeneous population is possible. These analyses will also provide access
to a more heterogeneous patient population reflecting greater genetic diversity in
the patient population enrolled in the study.

To address the fundamental challenge of patient recruitment for clinical studies
in rare diseases the Rare Disease Clinical Research Network (RDCRN) was estab-
lished by the ORDR. It is designed to address this problem by fostering collaboration
among scientists and shared access to geographically distributed research resources.

The RDCRN supported by the ORDR in collaboration with eight other NIH
research Institutes and Centers, requires active collaboration with patient advo-
cacy groups (PAGs) (Griggs et al. 2009). The 17 research consortia comprising
the RDCRN and one Data Management and Coordinating Center (DMCC) include
active participation with more than 95 patient advocacy groups (PAGs). The direct
involvement of PAGs in RDCRN operations, activities, and strategy is a major fea-
ture of this network. Each consortium in the RDCRN includes relevant PAGs in
the consortium membership and activities. These PAGs representatives serve as
research partners within their own consortia. These collaborations have enabled
rapid accrual of patients into study protocols. These activities in addition to estab-
lishing partnerships with medical specialty organizations for referral purposes
have been found helpful in speeding up the recruitment of patients into studies.
Along with a globalization of society, and the pharmaceutical industry, a simi-
lar pattern is developing with PAGs as they extend their connections to patients
around the world.

Likewise we have observed the addition of research investigators at numerous
sites to eliminate barriers to patient recruitment. Many PAGs have grasped the
expansion of their traditional roles of providing information to the patients pro-
viding counseling services to patients and families serving as a liaison to other
clinicians and a referral source to local and national media. These PAGs have
established their new role as a research collaborator. Their services include the
review of clinical research protocols and informed consent documents. This move-
ment is occurring in many countries around the world and is expected to increase.

Challenges to the Research Investigators

The research investigators of rare diseases confront many challenges. There are
limited but growing resources for studies of rare diseases. For the most part the
investigators must use existing grant and contract resources for their research. Their
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outcome requires identification and utilization of the existing research infrastructure
of networks and consortia such as the RDCRN. The existing infrastructure enables
the participation of researchers from different countries with a focus on the same
diseases. For example, the 17 disease-specific consortia of the RDCRN have on-
going research studies at 225 clinical sites including more than 25 other countries.

Research of rare diseases requires the recruitment of a critical mass of investi-
gators who are willing to work under common protocols, share data from clinical
studies, share biospecimen samples, and co-author publication. Research of rare
diseases requires a collaborative multidisciplinary approach. Access and accepting
central Institutional Review Board has been shown to be useful to investigators
from multiple sites working under a common protocol. The collaborative approach
of the scientific community is critical to the direction of research with the greater
emphasis on patient registries, longitudinal natural history studies and limited
biospecimen samples. The multi-site approach is required to avoid recruitment
fatigue for a limited number of patients for various studies. This concern has been
expressed when multiple studies are planned or ongoing with access to a limited
number of patients. It is also important to realize that that the data collected from
multi-site studies become available for use by other research investigators.

The RDCRN is unique in its approach to addressing rare diseases as a group.
Previously, the NIH’s institutes and centers funded research on individual rare dis-
eases in their respective disease-type or organ domains. The RDCRN established
in 2003 is the first program that aims to create a specialized infrastructure to sup-
port rare diseases research. To increase the number of trained investigators, the 17
research consortia in the RDCRN have established training programs for clinical
investigators who are interested in rare diseases research.

DMCC supports RDCRN by providing technologies, tools to collect clini-
cal research data, and support of study design and data analysis. It also provides
on-line protocol management system for patient enrollment/randomization, data
entry and collection with data standards, works with the each consortium’s Data
and Safety Monitoring Boards in collaboration with NIH ICs to establish proto-
cols for adverse events notification and reporting and provides protocol training
for research staff for all multi-site studies.

The RDCRN’s DMCC has also provided additional systems to address needs of
individual studies, such as a laboratory data collection system, a specimen tracking
system, and a pharmacy management system (to support blinded distribution of study
agents and placebos). The DMCC created and maintains RDCRN’s central public
website, developed as a portal for the rare diseases community, including patients and
their families and health care professionals, to provide information on rare disease
research, consortium activities, RDCRN-approved protocols, disease information,
and practice guidelines. In addition, it has developed a unique voluntary patient con-
tact registry that provides on-going contact with approximately 11,000 individuals
from over 90 countries representing 180 diseases, alerting them when new studies are
opened in the RDCRN or when on-going studies expand to new sites.

Sharing of data is another challenge faced by rare diseases investigators. The
data from multi-site well-characterized population samples constitute an important
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scientific resource and their full value can only be realized if they are made avail-
able, under appropriate terms and conditions consistent with the informed consent
provided by individual participants, in a timely manner to the rare diseases com-
munity and the largest possible number of qualified investigators.

The ORDR has supported data collection from participants in numerous clinical
trials and epidemiologic studies as part of approved protocols under the RDCRN.
The data from RDCRN studies will be made available for sharing with the scientific
community for the purposes of scientific research. To accomplish this, the DMCC
coordinates with ORDR including registration with and data uploading of appropri-
ate RDCRN studies to ORDR-governed data repository through dbGaP, a database for
genotype and phenotype information available from the National Library of Medicine.

Challenges of Providing an Emphasis on
Rare Diseases Research

As a result of numerous scientific discoveries and completion of the mapping of
the human genome, the rare diseases present scientific opportunities to challenge
the community to translate the laboratory discoveries into products to be evalu-
ated in the clinic. With the failure rate of new product development very high,
attempts are now underway to de-risk potential therapies from failure or, to put it
in a positive light, to optimize the chance for success. Expanding USA and inter-
national interest along with a revived interest by the biopharmaceutical and device
industries, has led to the development of more directed research agendas with a
focus on the delivering to patients and clinicians more interventions and diagnos-
tics. The expansion of research activities at NIH maintains the emphasis on basic
research programs while expanding the emphasis on rare and neglected diseases.
This emphasis has resulted in the establishment of novel programs and includes
the NIH’s National Center for Advancing Translational Sciences and programs
such as Therapeutics for Rare and Neglected Diseases Program (TRND), Bridging
Interventional Development Gaps Program (BrIDGs), and the Cures Acceleration
Network (McKew and Pilon 2013). The TRND program offers collaborations,
the opportunity to partner with TRND researchers and gain access to rare and
neglected disease drug development capabilities, expertise, and clinical/regulatory
resources in a collaborative environment with the goal of moving promising thera-
peutics into human clinical trials. BrIDGs makes available, on a competitive basis,
certain critical resources needed for the development of new therapeutic agents. In
general, synthesis, formulation, pharmacokinetic and toxicology services in sup-
port of investigator-held investigational new drug (IND) applications to the U.S.
Food and Drug Administration (FDA) are available.

NIH institutes’ translational research programs such as NINDS’ Network
for Excellence in Neuroscience Clinical Trials (NeuroNEXT), the Center for
Accelerating Innovation (CAI) at NHLBI, NCI's Experimental Therapeutics
Network (NExT), NHLBI’s Science Moving Towards Research Translation and
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Therapy Program (SMARTT), the NIH PhRMA Collaboration on Repurposing of
Products, and the NIH-DARPA-FDA Collaboration on the development of tissue
and organ systems on a microchip initiative to develop better predictors of safety
and efficacy for testing compounds. Many of the novel translational research pro-
grams offer opportunities to assess the gaps in the product development stages of
compounds with limited industry interest or support.

Considerable emphasis has been devoted to the identification of appropriate clini-
cal endpoints to measure the safety and effectiveness of investigational compounds
and medical devices. There is also growing interest in developing In Vivo and In
Vitro models representative of human diseases. It is now possible to establish better
definitions of possible patient responders with the development of appropriate bio-
markers and clinical and surrogate endpoints for clinical testing. The research com-
munity also encourages pharmaceutical and biotechnology compounds to identify
and make available with appropriate confidentiality and material transfer agreements
the chemical libraries and compounds available for research and development.

Conclusion

Challenges to rare diseases research and orphan products development can be
viewed as barriers or opportunities to advancements. The rare disease community
is gaining momentum as more information is becoming readily available from an
expanding cadre of research investigators with experience in conducting clini-
cal trials with small patient populations. Increased emphasis by the patient and
the research communities is leading to the generation of data from patient reg-
istries and natural history studies. These activities increased access to patients
with improvements in recruiting patients for clinical studies. The biopharma-
ceutical industry provides an emphasis on the special populations offered by the
niche markets associated with the rare diseases. In recent years, NIH developed
translational research program emphasis to provide resources for research discov-
eries to be developed into interventions for rare diseases. Despite expanded pro-
gram emphasis on rare diseases, numerous scientific research opportunities exist
to study one of the 7,000 rare diseases. Collaborative research partnerships are
required for advancements in rare diseases. Knowledge of existing resources facil-
itates translational research activities. With these resources and partnerships, we
anticipate the increased and speedier development of orphan products.
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Epilogue

WE HOPE THAT this book has met its key objectives which were to be clear
and simple. The plethora of perspectives from such a wide range of stakehold-
ers (including patients, their families, health professionals, researchers, NGOs,
Pharma, policy makers and charities) underline the difficulties faced by the rare
disease community. Those working in the area already are all too familiar with its
inherent frustrations—we envisage that this book will act as a guiding beacon to
new arrivals to the field whilst offering support to others. Any newcomers should
be under no illusions: this is an extremely challenging area littered with multiple
obstacles (be they financial, legal, regulatory, clinical, technical and perhaps even
ethical and moral).

With challenges, come opportunities. The proliferation of contemporary IT
tools (the web, email, social media—the core of Health 2.0) has allowed patients
and their families to be connected in a way that could simply not be imagined a
few years ago. The diagnosis of a rare disease is harrowing enough—to hear that
“sorry, we have no answer” must come as a hammer blow to patients and their
families. Patient-led advocacy is perhaps strongest when answers are not forth-
coming from the (professional) healthcare community and the power and passion
that radiates from our vignettes attests to this perspicacity of spirit. “No” certainly
does not mean “no”.

In discussion with many of the chapter and vignette authors, there was an over-
whelming consensus regarding rare diseases: patients and families could not care
less about regulation, policy and procedure. They want answers, they want a cure
and they want it now. Stigmatization, lack of awareness, ignorance and other dif-
ficulties are not limited to any one rare disease—it could be argued that many of
the challenges of one rare condition are replicated among the others. It is almost a
case of “insert name of rare disease here”.

The very nature of rare diseases means that there is a limited number of
patients and a paucity of expertise. The use of Health 2.0 has been very important
in connecting patients and their families with one another. As exemplified by sev-
eral of our chapters, patient-led advocacy and information groups can help drive
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new research avenues as they act as an invaluable knowledge base. The rarity of
a disease often means that patients themselves know more about their condition
than the healthcare professionals, especially the challenges of living with it on a
daily basis. Patients and their families are all too willing to be involved in research
activities once they learn of new initiatives.

As communication and dissemination of promising rare disease research is of
paramount importance, we trust that this book has offered new insights and a reas-
surance that multiple stakeholders are working on fundamental issues in the field.
We look forward to increased patient-centric approaches and coordinated efforts in
order to make better sense of the situation, which unify currently dispersed knowl-
edge centers and which push for reform and action.
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