
Such diseases usually have a genetic basis,
often affecting patients early in childhood,
and are frequently progressive, disabling

and life threatening in nature. These characteris-
tics can have a devastating psychological impact
on families of children suffering from these dis-
eases. Better known examples of rare disease
include Duchenne Muscular Dystrophy, Cystic
Fibrosis, the Mucopolysaccharidoses (MPS) and
rare cancers. While each rare disease alone affects
a small number of patients, it has been estimated
that the combined number of people suffering
from a rare disease in the US and EU exceeds 55
million1, highlighting the huge societal impact of
these diseases. 

A number of unique clinical, regulatory and
commercial challenges are associated with the
development of therapies for the treatment of rare
diseases. In recognition of these challenges, there
has been legislation in the US, EU and elsewhere in
the world which provides regulatory and financial
incentives aimed at stimulating investment in
‘orphan drugs’ to treat rare diseases (Table 1). In
addition, the FDA has created the Office of
Orphan Products Development to focus on the
challenges of developing therapeutics for the treat-
ment of rare disease and to help companies navi-
gate the regulatory review process. In addition, in
2010 the FDA created the Rare Disease Program

within the Office of New Drugs with the specific
focus of developing the policies and procedures for
the review of new drug applications for orphan
drug products and to ensure the appropriate train-
ing for FDA reviewers. In both the US and the EU,
orphan drug designation can be applied for at any
stage of the development process.

Orphan drug legislation has generally been con-
sidered to be extremely successful. Prior to these
legislative acts there were essentially no drugs
specifically developed to treat rare diseases, where-
as since passage of the Orphan Drug Act in the US
in 1983, 2,755 agents have received an orphan
drug designation in the US, with 424 orphan drug
approvals. An analysis of compounds progressing
from clinical development to approval in the US
between 2006 and 2010 shows that 28% of all
new drug applications were for rare diseases, and
that approval rates for rare and common disease
applications have been similar2. 

Recent success in the development of orphan
drugs coupled with productivity challenges in the
classic pharma R&D model for indications with a
higher prevalence, has resulted in a number of
major pharmaceutical companies recently estab-
lishing business units focused on rare diseases. In
turn, this has resulted in increased investment of
venture capital companies and early stage biotechs
in rare disease programmes. In part the increased

By Dr Philip J. Vickers

Drug Discovery World Spring 2013 9

Therapeutics

Challenges and
opportunities in the
treatment of rare diseases

There are approximately 7,000 rare diseases, which from a regulatory
perspective are defined as those diseases where there are less than 200,000
patients in the US or that affect no more than five in 10,000 of the general
population in the EU. 



interest in rare diseases may also be attributed to
advances in the knowledge of disease biology and
genomics which has made it clear that a number of
more prevalent diseases may be categorised into
several distinct subsets of disease with unique char-
acteristics. We are indeed edging closer to the era
of ‘personalised medicine’ and what is learned
from drug development for rare diseases may well
prove to be applicable to treatments for these sub-
sets of patients. This is already starting to be the
case for other diseases, such as subsets of different
types of cancer. 

While there have been significant advances in the
field of rare diseases, effective therapies are still not
available to more than 95% of the patients suffer-
ing from these diseases. In addition, while orphan
drug designations have increased, there continues
to be only a consistently small number of annual
approvals for orphan drugs3-5. So while there have
been successes in the development of treatments
for diseases such as Fabry Disease, Hunter
Syndrome, Gaucher Disease and Pompe Disease,
much remains to be achieved to the benefit of
patients suffering from rare diseases. Learning

from drug development programmes for rare dis-
eases has made it clear that the R&D paradigm in
this field has very different challenges from that
associated with more prevalent diseases. If the
development of orphan drugs is to build on the
early success associated with rare disease legisla-
tion, key stakeholders need to further align on
ways to address these challenges.

The major challenges for R&D in the rare dis-
ease field stem from the impact of the unique char-
acteristics of rare disease patient populations on
the clinical development process in rare diseases
(Figure 1), and the interface between clinical devel-
opment and the regulatory process. Legislation
demands that potential therapies demonstrate safe-
ty and efficacy in the clinic in order to be approved
by regulatory authorities. Generally the final step
in this process is two adequately powered Phase III,
double-blind, placebo-controlled trials (or a single
study with confirmatory evidence), with statistical-
ly-significant benefit being demonstrated by an
investigative agent compared to placebo in order to
be considered appropriate for approval.
Increasingly, clinical benefit is also compared to
that achieved by a comparator agent representing
the current standard of care for a disease. A direct
measure of clinical benefit specifically related to
disease is generally considered appropriate for
approval, such as benefit to the functioning of an
organ. For ethical reasons, it is also generally con-
sidered appropriate for therapies to be tested in
adults before being assessed in the pediatric popu-
lation. While these expectations are appropriate
and realistic for the majority of common diseases,
for drugs under investigation for the treatment of
rare diseases these requirements are either very
challenging or implausible for technical, practical
or ethical reasons. 

A fundamental challenge in drug development
for the majority of rare diseases is that there is rel-
atively little known about the pathophysiology or
the natural history of disease; there are usually
only a small number of experienced clinical inves-
tigators worldwide, and in contrast to higher
prevalence diseases there is usually very little sci-
entific literature published. For example, a
PubMed search demonstrates that while there
were close to 6,000 publications in the scientific
literature related to arthritis in 2012, there were
only 25 related to MPS-II, or Hunter Syndrome –
despite the fact that there is an approved therapy
for MPS-II. The consequence of this is that there is
frequently uncertainty about disease mechanisms
in rare diseases, a lack of adequate preclinical
models of disease and incomplete knowledge of
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potential biomarkers of disease. In addition to
these challenges, for the many rare diseases where
there are no available therapies, the clinical devel-
opment path has not yet been defined and hence
there is increased risk and uncertainty as to the
clinical endpoints which would be considered
appropriate for regulatory approval. R&D organ-
isations therefore need to make a significant com-
mitment to effectively engage the relatively few
physicians and opinion leaders who work on any
rare disease, in addition to engaging with patient
associations and families dealing with the conse-
quences of these disorders to gain a greater under-
standing of the natural history of disease, and
those therapeutic effects that would have a mean-
ingful impact on the lives of patients. Umbrella
patient organisations such as NORD in the US
and EURORDIS in the EU, as well as patient
organisations representing individual diseases,
have important and complementary roles to play
in supporting the development of therapeutics for
rare diseases. Project leaders and key decision-
makers in rare disease companies clearly need to
be ‘patient-centric’ in their thinking. In addition,
payors also need to be engaged early in a pro-
gramme to define what will be considered appro-
priate measures for reimbursement, with informa-
tion on these measures being built into a clinical
development plan.

As there is little or no precedent from earlier
clinical development programmes for the majority
of rare diseases, companies frequently need to
commit to natural history studies, which are man-
aged in a similar way to clinical trials, prior to ini-
tiating any clinical programmes. These studies aim
to provide important insights to suggest potential
clinical endpoints for inclusion into the clinical
development programme and discussion with reg-
ulatory authorities, may identify biomarkers that
correlate with clinical endpoints, can assess the tra-
jectory of disease progression and may define the
variability in clinical progression between subsets
of patients. For example, a study of nearly 2,000
individuals from families affected by Huntington
Disease who had different demographic, clinical
and genetic features at baseline6 revealed differ-
ences that emerged before clinical diagnosis, and
will inform the design and conduct of future clini-
cal trials. In addition, a natural history study of
patients with infantile-onset Pompe Disease7 care-
fully described the rapid progression and fatal
course of this devastating disease, and confirmed
that early symptom onset was correlated with an
increased risk of early death. It is important that
data from studies such as these are readily avail-

able in the public domain as they will underpin
future drug discovery and development pro-
grammes. The cost and time associated with natu-
ral history studies can be an impediment to the ini-
tiation of clinical programmes, and moving for-
ward such studies, that provide insights into the
basic biology of disease, may be an appropriate
area for increased future partnership between
industry and research funding agencies. In addi-
tion, patients with rare diseases are particularly
active in online patient communities, some of
which collect patient-reported outcomes. In effect,
they are conducting natural history studies through
social networking. While data integrity needs to be
ensured, it will be important to consider how such
information may provide helpful insights to shape
clinical programmes and provide support for regu-
latory submissions.

The most obvious challenge in conducting clinical
trials in rare diseases is the small numbers of
patients available for clinical studies. Enrolment of
patients into clinical studies in sufficient numbers to
generate meaningful comparative data is therefore a
major challenge, usually requiring the participation
of many sites across multiple geographies, frequent-
ly with very few patients enrolled at each site. This
may cause delays in the recruitment process which
can add cost and uncertainty to the programme.
Higher per patient clinical costs are also driven by
the fact that the fixed costs for setting up each clin-
ical site are spread over a smaller number of
patients. In addition, the manufacturing process to
support biological products in rare diseases can have
some specific challenges. For example, changes or
improvements in the manufacturing process for
complex glycoproteins frequently results in some
changes in the characteristics of the protein prod-
ucts. Generally, comparability studies between the
two different products in man are required to sup-
port approval for substitution. However, in rare dis-
eases such comparability studies are particularly
challenging as there are few patients available for

Figure 1
The R&D paradigm in rare
diseases
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such studies, and only a small proportion of these
patients may be treatment-naïve. In these cases,
comparison of physicochemical characteristics and
data in preclinical models may be appropriate, fol-
lowed by careful monitoring in the clinical setting to
ensure safety and efficacy.

The challenge of finding patients may continue
in the post-approval setting, where identifying
patients is usually critical for commercial success
of rare disease therapies. The requirement to find
patients highlights the need for rare disease com-
panies to establish effective educational pro-
grammes and develop and validate diagnostic
tools. Diagnostics can also play an important role
in identifying patients as early as possible in the
course of their disease as history studies and clini-
cal experience have established that for a number
of rare diseases the earlier that diagnosis can occur
and therapy initiated, the greater the clinical bene-
fit that may be achieved for patients. Indeed, it has
been projected that for the top 350 rare diseases,
approximately 27% of patients will not reach their
first birthday. Furthermore, it is clear that expan-
sion of newborn screening, possibly in parallel
with a potential treatment for a rare disease, has
the potential to provide tremendous benefit to
patients suffering from such a disease, which may

be severe and progress rapidly in the pediatric pop-
ulation. For example, assessment of a variety of
clinical endpoints and functional tasks in patients
of different ages with Pompe disease8 provides a
strong argument for the value of neonatal screen-
ing for this rapidly progressing disease. In the US
there is currently a panel of 29 diseases that are
routinely screened for at birth9, with certain States
having expanded newborn screening beyond this
panel. With the expansion of knowledge related to
the genetic basis for disease and improvements in
technologies to measure specific biomarkers10,11,
there will be an increasing opportunity to expand
newborn screening such that clinical outcomes
may be predicted earlier for individual patients,
with therapeutic intervention improving outcomes
for these patients. 

In addition to the logistical challenges associated
with running clinical studies with very few
patients, small patient numbers result in challenges
to generate the type of data achievable with dis-
eases of higher prevalence. Specifically, it can be
unrealistic to expect to be able to power studies to
achieve the degree of statistical significance with
certain clinical endpoints as can be achieved in
more common indications, to explore multiple
doses in the clinic, or to assess appropriate dose
intervals. In studies where less than 20 patients
may be enrolled, every patient makes an important
contribution and trade-offs need to be made with
regard to what may be explored in the clinic; for
example, enrolling patients in placebo arms can
compromise valuable data on drug effects if there
are high quality alternate sources of historical con-
trol data. Moreover, in life-threatening pediatric
diseases where there is no available therapy, if effi-
cacy can be demonstrated in Phase II clinical stud-
ies it can provide an ethical dilemma to include a
no treatment arm in subsequent pivotal studies,
particularly in rapidly progressing diseases. This
highlights the importance of industry and regula-
tors carefully considering appropriately controlled
natural history studies as no-treatment compara-
tors for pivotal studies in certain rare diseases.

Even for the rare diseases which have been more
widely studied such as MPS diseases, it is clear that
there are frequently complex clinical phenotypes,
with clear differences between patients and effects
on multiple organ systems12. For MPS diseases
where there is an approved therapy, Table 2 shows
the primary endpoints which were used as the basis
for regulatory approval, and the major post-mar-
keting commitments which were requirements in
the US and/or EU. It is noteworthy that for these
diseases there are biological markers which are
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routinely used in clinical practice, but none of these
biomarkers are considered validated from a regula-
tory perspective. There can also be significant vari-
ability in the rates of disease progression and dif-
ferences in clinical outcome between patients with
the same disease. For example, Gaucher Disease is
an inherited lysosomal storage disorder caused by
a deficiency in the enzyme glucocerebrosidase.
However, there are three different forms of
Gaucher Disease and within these forms clinical
effects can be manifested in different ways and at
different rates13. Such complexities can lead to sig-
nificant challenges in defining the appropriate cri-
teria for patient enrolment into clinical studies for
rare diseases. 

Even when rare diseases are linked to mutations
in a single gene, there may be hundreds of muta-
tions in these genes, and the link between genotype
and clinical phenotype is complex and only par-
tially understood. In Metachromatic
Leukodystrophy (MLD) there is an infantile form
of disease caused by mutations resulting in the lack
of expression of the enzyme arylsulfatase A with

this form of the disease being severe and rapidly
progressing. In other MLD patients, there may be
different mutations which result in reduced levels
of expression of the enzyme or lower enzymatic
activity; this can even manifest as adult forms of
the disease which are less severe, more slowly pro-
gressing, and which can present with very different
(eg psychiatric) phenotypes14. These findings also
highlight a challenge of pediatric studies in rare
diseases; the highest medical need for MLD
patients is associated with the infantile form of the
disease, and it would be very difficult to conduct
clinical studies in a small population of adult MLD
patients where the disease is slowly progressing
and clinical endpoints may not be relevant to the
infantile population. 

In addition to complexity associated with dif-
ferent mutations in disease genes, it is likely that
additional genetic variation in secondary genes
associated with disease pathways will also modify
clinical phenotypes. For example, there are
founder effects with monogenic diseases, but even
in isolated communities with the same genotype
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there may be differences in clinical phenotype
which may be due to secondary genetic variation
or environmental factors. As technological
advances will result in individualised genome
sequencing and predictive computational model-
ling of disease pathways being more commonplace
in the future, there is the potential for an exciting
era of powerful insights into the pathophysiology
of rare diseases.

Largely in response to the need for the rapid
development of therapies for the treatment of
AIDS, in 1992 the Accelerated Approval Rule
authorised the FDA to expedite marketing
approval for certain new drugs intended to treat
serious or life-threatening illnesses upon determi-
nation that the product has an effect on a clinical
endpoint or on a surrogate endpoint that is ‘rea-
sonably likely to predict clinical benefit’.
Recognising the difficulty and ethical issues associ-
ated with previously defined clinical endpoints in
the context of rare diseases, new landmark legisla-
tion was signed into law on July 9, 2012 which has
the opportunity to significantly benefit rare disease
patients. The Food and Drug Administration
Safety and Innovation Act (FDASIA) expanded the
list of potential scientific data which could be used
as surrogate endpoints. This included, for example,
epidemiological, pathophysiological and pharma-
cological endpoints, as well as biomarkers. In fact,
surrogate biomarkers have been used for a number
of common indications in the past, including serum
cholesterol and LDL for cardiovascular drugs, and
CD4+ levels for antiretrovirals. When approval is
granted under accelerated review there is a require-
ment that there be post-marketing studies conduct-
ed to verify the relation of the surrogate endpoint
to clinical benefit. In the EU a similar approval
pathway known as Conditional Marketing
Authorisation exists. While the challenges associat-
ed with drug development in rare diseases suggests
that these programmes may be appropriate for
accelerated approval status, very few examples
exist where an orphan drug product has achieved
accelerated approval on the basis of a biomarker.
Examples include Fabrazyme®, approved in 2003
for the treatment of Fabry Disease, and sapropterin
(Kuvan®) approved in 2007 for the treatment of
Phenylketonuria. It is likely that increased utilisa-
tion of accelerated approval for rare disease thera-
pies, in conjunction with appropriate post-market-
ing commitments, would have the same positive
impact as that realised in oncology and HIV thera-
py15. Indeed, in situations where there is clinical
variation such as that observed in rare disease, bio-
markers related to the measurement of the primary

defect associated with disease (eg correction of
enzyme activity in enzyme-deficient patients) may
be considered ‘reasonably likely to predict clinical
benefit’ and more generally relevant than the cor-
rection of clinical endpoints which may only be rel-
evant to a subset of patients. While it may be con-
sidered that making an approval decision based on
biomarkers in the absence of clinical outcomes
adds risk, it is noteworthy that no drug with an
orphan designation has been withdrawn for reason
of safety or lack of efficacy. 

Irrespective of the potential utility of surrogate
biomarkers for approval, companies developing
rare disease therapies frequently need to commit to
multi-year post-marketing commitments. Such
commitments can include the need for clinical
studies for assessing long-term safety, defining effi-
cacy with regard to clinical endpoints that can only
be assessed following long-term treatment, or
measuring clinical effects on subsets of patients
that were not sufficiently represented in clinical
studies. Patient registries also provide the opportu-
nity to assess therapeutic effect in the ‘real world’
outside of the clinical trial setting. In addition to
addressing specific questions arising from the regu-
latory process, long term post approval studies can
provide important insights into the pathophysiolo-
gy of disease. For example, as some rare diseases
are X-linked recessive genetic diseases, dogma has
been that the diseases are limited to males. Fabry
disease is an X-linked disease cause by deficiency
of the enzyme alpha-galactosidase A. However,
careful analysis of a Fabry Outcome Survey associ-
ated with an enzyme replacement therapy16 has
characterised the clinical manifestation of the dis-
ease in females and the benefit of enzyme replace-
ment therapy in these patients has been observed.
In rare diseases where there are multiple therapies
with patient registries, there would be value in con-
sidering opportunities for cross-industry partner-
ships to combine data which may provide a deeper
understanding of disease progression.

The numerous factors which add complexity to
defining appropriate clinical endpoints in rare dis-
ease highlight the need for early engagement and a
high degree of transparency between industry and
regulatory authorities to define an appropriate reg-
ulatory path. While rigorous regulatory standards
must be applied irrespective of the size of a patient
population, there needs to be recognition that in
clinical studies of rare disease the same evidentiary
hurdles cannot be reasonably met as compared
with those in more prevalent disease, and there
must be flexibility and scientific judgment applied
to each drug application. An analysis of approved
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orphan drugs in the US has shown that the FDA
has applied regulatory flexibility during the
approval process in a number of cases17 – although
it is unclear how many products were discontinued
in earlier phases due to the challenges of drug
development in rare diseases. A continued
strengthening of the FDA Rare Disease Program
could also facilitate progress by further educating
and informing individual review divisions who
may more frequently deal with higher prevalence
diseases, and by this office being more directly
involved in the development and review of orphan
drug applications. 

Bearing in mind the limited opportunity to run
large or multiple clinical studies for rare diseases, it
is encouraging that 62% of orphan drug applica-
tions were submitted in parallel in the US and EU,
and that regulatory authorities in different regions
are starting to look for opportunities to co-ordi-
nate activities and align thinking on these applica-
tions. It would have a major impact on the ability
of sponsors to rapidly bring forward therapies for
patients suffering from rare diseases if there could
be one consistent global assessment of an appro-
priate regulatory path. Likewise, it is a positive
step that initiatives such as the International Rare
Disease Research Consortium (IRDiRC), which
has representation from research funding bodies
around the world, is co-ordinating investments
aimed at supporting the approval of novel orphan
drugs and diagnostics for rare diseases. 

There has been much success since the first
orphan drug legislation 30 years ago, and the future
is bright for the development of drugs to treat rare
diseases. The field of genomics continues to rapidly
advance, and in the near future this can be expect-
ed to provide further insights into the nature of rare
genetic diseases and increased understanding of the
link between genotype and specific clinical pheno-
types. We are also seeing advances in the develop-
ment of new therapeutic modalities (eg gene thera-
py, antisense therapeutics, tissue-engineered prod-
ucts, cell therapies) which have particular utility for
the treatment of rare genetic diseases. However, the
past 30 years have also provided important learn-
ings about the unique challenges in clinical devel-
opment for rare diseases, and how these impact on
the regulatory process. These should result in fur-
ther consideration of the application of natural his-
tory studies, newborn screening and early diagno-
sis, surrogate markers of disease, as well as novel
clinical trial designs. Most importantly, a key to the
future in realising the hopes of patients who suffer
from rare diseases and their families is active
engagement and alignment on these important

issues between key stakeholders in the development
of rare disease therapeutics, including industry, reg-
ulatory authorities, research funding bodies and
patient associations. DDW
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