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Looking Forward to New Therapies:
A Personal Perspective on the Translational
Landscape for Muscular Dystrophies
Kate Bushby∗

Every patient hopes for a cure. Medicine across the
centuries has expanded the numbers of diseases for
which this is a realistic prospect, including many infections, surgically treatable conditions and now many
cancers. For many other chronic conditions management with disease altering therapy is possible but
not curative. The vast majority of these advances
in medical care have been based on knowledge of
the underlying cause of the disease, rendering them
amenable to the development of specific therapy. With
so many diseases now amenable to treatment, the diagnosis of an “incurable” condition is arguably more
difficult to bear than ever before.
THE CONTEXT FOR THERAPY
DEVELOPMENT IN RARE DISEASES
In many rare diseases, defined as those affecting
less than 1 in 2000 of the population and frequently
genetic, curative therapies were a distant dream until
the explosion of genetic information enabled by the
new technologies first of positional cloning, then the
transformative Human Genome Project and now the
enabling technologies of so called “Next Generation
Sequencing” whereby the approaches to the definition of the underlying disease have been able to make
incremental leaps. Essentially, a new therapy development paradigm has emerged whereby the definition
of the underlying genetic cause of disease enables the
establishment of animal and cellular models within
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which disease pathways can be mapped. This allows
for the testing of new therapeutic options, establishing
the pathway for the follow on stages of drug development to establish proof of concept in human trials and
ultimately therapy delivery. In the early days of gene
discovery, every announcement of a new gene identification was heralded as the first step to therapy delivery,
and indeed the rhetoric around the current Next Generation Sequencing technologies continues to emphasise
the hope that these techniques bring to the development
of new therapies for conditions which are currently
without definitive treatment options [1].
The inherited neuromuscular diseases (NMD) have
been amongst the forefront of the conditions for which
such developments have been claimed. New genes
for neuromuscular phentoypes have caused a major
rethink of the categorization of the diseases within this
complex group, with more than 400 genes likely to
be involved in causing NMD. The identification of the
dystrophin gene in 1986, responsible for Duchenne and
Becker muscular dystrophies, was an early landmark in
this process, and has been the most extensively studied
in this group, with therapeutic approaches to modify
the mutation such as stop codon suppression and antisense oligonucleotides, gene replacement, targeting
of downstream technology, upregulation of alternative
proteins, stem cell therapy and gene repair all showing promise in animal models and increasingly moving
to human studies. A rich drug development pipeline
is now in place for DMD with multiple therapeutic
strategies under evaluation and major pharma involvement [2]. It is anticipated that other NMD will benefit
from such strategies, and indeed developments are also
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advanced in other areas such as spinal muscular atrophy and myotonic dystrophy [3].
Over the 28 years though since the identification
of the dystrophin gene the experience of families that
a therapy may be “just around the corner” has not
changed. In 1989, a mother of a young boy with DMD
told me that as the dystrophin gene was now known, he
would not need a wheelchair. This young man is still
alive, thanks to developments in care standards, but has
not had access to a single therapeutic strategy based on
the underlying cause of the disease. For patients and
families diagnosed in recent years, the pain of a therapy that is still not available can be even more acute.
In 2014 Alex Johnson mother of a young boy with
DMD and one of the founders of Joining Jack wrote in
her blog “I don’t think people actually appreciate the
position that parents and adult members of the DMD
community are now in. Treatments are actually dangling in front of us but we can’t grasp hold. Please
believe me when I say I am frantically trying to grab
hold of these! I desperately want a lifeline for my son”.

THE “TRANSLATIONAL GAP”
So, are there particular risks for translation of all of
the exciting science in NMD or is this the embodiment
of the well recognized translational gap, where risks
to the process of transfer of knowledge from bench to
bedside are known to extend from the science itself,
through risks from lack of funding to regulatory, IP
and market risks? There are well recognized additional
challenges for rare diseases compared to the traditional pathway for common conditions [4, 5]. It can
be more challenging to define the best molecule for
development if model systems are not mature or well
understood as is frequently the case in rare diseases.
The animal models which are developed or identified following gene identification may be adequate to
model some but not all aspects of disease and may
fail to provide an adequate rationale for safety and/
or efficacy [6, 7]. Expertise amongst the scientists in
the field in taking a translational approach may be
limited without a full understanding (for example) of
the optimization of molecules for development, or the
implications of bulk drug supply and the regulatory
framework. Longer term, moving into human studies, it can be difficult to find the patients or the expert
centres who can diagnose them properly and evaluate
them effectively in the context of a trial. If no previous studies have been undertaken, then the culture
and experience of performing trials will be lacking.

Definition of outcome measures which satisfy regulatory requirements may be time consuming and difficult
to correlate with long term clinical performance [8].
Demonstration of cost effectiveness and long term
financial viability of such therapies may be difficult
or impossible to establish.

INCENTIVES AND SUPPORT FOR
TRANSLATIONAL EFFORTS IN RD
In recognition of the specific challenges for RD
drug development there have been several initiatives
internationally to promote research in the field. These
include governmental strategies to promote a permissive regulatory environment (incentives for orphan drug
development) and particular funding streams. In the
European Union, all member states have been supported
to produce a National Plan or Strategy for Rare Diseases
which aim to promote the specific needs of RD patients
from diagnosis to research capacity. Internationally, the
European Union has had several initiatives from the
funding perspective designed to support RD research
and has recently joined forces with other funders as
the International Rare Disease Research Consortium
(IRDiRC) with the goal of promoting diagnosis for all
rare diseases and 200 new therapies by the year 2020.
Supported by various of these funding streams, the
NMD field has been able to develop strategies for
clinical trial readiness, derisking the process of drug
development and forging partnerships with all stakeholders including clinical and academic groups, patient
organisations and industry. The TREAT-NMD network
was initially supported as a Network of Excellence
under the EU 6th Framework Programme and is now
a global alliance with an elected executive committee
and international representation [9]. The EU funding
which allowed the establishment of the TREAT-NMD
network has facilitated the development of various
tools and resources which aim to advance translational
research in NMD. At the preclinical level, standardized
operating procedures for animal models and for the
conduct of preclinical trials aim to reduce the risks
of misinterpretation of animal studies and optimize
the molecules heading for clinic [10, 11]. The TACT
(TREAT-NMD advisory committee for therapeutics)
extends this derisking strategy with the offer of thorough appraisals of molecules in development from a
multidisciplinary perspective [12]. Registries of different kinds have formed a backbone of the work of
TREAT-NMD, with a registry containing feasibility
data on sites (the Care and Trial Site registry) [13] and
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patient registries associated to TREAT-NMD in over
40 countries now available in core disease areas. These
patient registries have proved to be very useful in identification of patients for trials, recruitment to studies,
assessment of compliance to standards of care, contribution of definition of outcome measures and delivery
of relevant data to regulators and payers [14–16].
Different models for registries exist across the network
depending on the requirements of the different disease areas and registry owners. Definition of outcome
measures for NMD, including key areas of regulatory
interaction, have also been a priority for TREAT-NMD
and continue to be a priority with increasing emphasis
also on the development of biomarkers of disease with
links to RD biobanks and MRI [17–20]. Collaboration
with, support for and dissemination of care standards
has been a core work of the Alliance with documents
generated with international consensus and available
in many different languages [21, 22]. All of these initiatives are supported by a communication platform,
ethics council and website. National initiatives have
also been very important alongside this international
effort, with the MRC Centre in the UK linking the
leading centres in Newcastle and University College
London to advance translational research in the UK,
and many well organized networks and centres across
Europe and the rest of the world.
With all of these resources what have we learnt
about the trial readiness of the community? There does
now exist a robust mechanism to identify patients for
studies and drug marketing, but gaps in the registries
exist and linkage across the different registry, NH,
biobanking and OM initiatives could be strengthened.
This is being explored through a number of projects
including the FP7 IRDiRC programme RD Connect
[23] as well as through collaboration with the CINRG
group and industry in a new platform envisaged for
NMD to facilitate post marketing surveillance. Drugs
are slowly moving through the various pipelines and
lessons are being learnt on the performance of the
selected outcome measures in the trial environment,
their robustness, reliability and sensitivity to variable
baseline levels of care. The first drug to be conditionally approved for DMD, ataluren, is now commercially
available in several EU countries [24, 25].

BEYOND TRIALS: THE CHALLENGE OF
THERAPY DELIVERY
A new challenge is the pricing model for RD
drugs and the appreciation of cost benefit from the
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perspective of patients and their families, health services and society as a whole [15]. The regulatory
systems whereby trials are set in place and by which
drugs are approved are risk averse, manifestly slow and
a source of huge frustration at all levels but particularly amongst the patients and families who argue that
with a life limiting and incurable disease, the greatest risk is of doing nothing. The time pressure felt
by patients and families is also eloquently expressed
by Alex Johson: “I have come to the conclusion that
my clock ticks faster and with more urgency than that
of researchers, clinicians, pharmaceutical companies
and regulators”. So while increasingly robust mechanisms exist for incentivizing drug development these
are not yet matched with mechanisms to ensure rapid
mechanisms for approval, reimbursement and equitable availability.
It has been an immensely rewarding period to be
working in Genetics and NMD in particular and the
group in Newcastle now constituted as the Newcastle
University John Walton Muscular Dystrophy Research
Centre has actively contributed in this regard, alongside
international partners representing all stakeholders.
Over the last 25 years we have seen the context
for NMD treatment move from an overwhelmingly
nihilistic approach to a proactive strategy based on
anticipatory management [21, 22]. Over the same
period, the RD field has come of age and the possibilities to be able to realize diagnosis and therapies
for patients where this was previously unimaginable
are in place. The neuromuscular field has put building
blocks in place to arrive at a stage where many of the
areas of trial readiness achievable and multinational trials have successfully been established and delivered,
though these remain very bureaucratic and timeconsuming to establish, especially within the academic
setting. There is no doubt that keeping up to date on
trial readiness will require ongoing amendment in the
light of new knowledge and requirement for increased
capacity but much of the armory is in place to be able
to address these challenges.
There are however new challenges as we address the
move from trials to therapy delivery. Regulators and
healthcare providers are key players in this process. The
promises embodied in RD plans and strategies and in the
IRDiRC aspirations need to be fully realized and funded
so that patients can at a minimum access the levels
of diagnosis and management which have already (for
example in DMD) enhanced life expectancy and quality
of life and eventually to face the challenges of expensive
new therapies. Regulators have a new set of diseases to
understand and in particular to address the perception
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of risk/benefit, especially from the perspective of the
patients and their families. As and when new therapies
come through the pipeline and need to be funded via
healthcare systems there will be a huge challenge of
large scale expensive therapy delivery with all the societal contexts and choices within which this will need
to take place. New options for interventions may even
require legislative change and extensive public debate,
such as the recent adoption of prenatal mitochondrial
transfer techniques in the UK. It is also clear that as
increasing numbers of new diseases come through this
pipeline more streamlined approaches will be required
in order to envisage sustainable funding mechanisms.
The framework that we have developed for NMD should
provide some structure whereby these new challenges
can be addressed and is evolving to try and address some
of them. New therapies are closer than ever: nonetheless
the balance of hope and reality is likely to continue to be
a delicate one for years to come.
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