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the application to the EMA or request a pre-submission meeting/teleconference. The Agency
strongly encourages sponsors to request a pre-submission meeting via teleconference with

the Agency prior to filing an application [35].

After submission, the coordinators prepare a summary report on the application, which is
circulated to all Committee for Orphan Medicinal Products (COMP) members [36]. The
opinions on orphan designation are adopted by the COMP at their monthly meetings at the
EMA (Post-orphan medicinal product designation procedures, 2016). The COMP will either
adopt a positive opinion or raise a list of questions and invite the sponsor to an oral

explanation at the next COMP plenary meeting [35].

When the outcome for a designation application is negative, the COMP will adopt a negative
opinion, unless the sponsor chooses to withdraw the application. The sponsor must inform
the Agency in writing of the withdrawal before the end of the COMP meeting and then, no
information on the application is made public. The sponsor can re-apply for orphan
designation with additional or complementary data at a later stage. If the sponsor does not

withdraw, a negative opinion is adopted by the COMP [36].

The evaluation process has a maximum duration of 90 days and in examining an application,
the COMP will focus on determining whether the sponsor has established that all the several

designation criteria are met [36]:

* The life-threatening or debilitating nature of the condition

Recognised distinct medical entities are generally considered valid conditions. Different
degrees of severity or stages of a disease are generally not considered as distinct condition
and the fact that a subset of patients exists in whom the medicinal product is expected to
show a favourable benefit/risk would generally not be sufficient to define a distinct condition
(unless patients in that subset present with distinct and unique characteristics that are

essential for the medicinal product to carry out its action) [18].

* That the prevalence of the condition in the European Union is not more than 5
in 10,000
Prevalence is defined as the number of persons with a disease or condition at a specific

instant in time in a given population. However, in many cases the true prevalence is not
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Orphan designation qualifies the sponsor of the drug to receive some or all of
the following incentives [56]:

i.  Tax credit on clinical research
A sponsor may claim as tax credits half of the qualified clinical research costs for a

designated orphan product [57].

ii.  Fast-track procedure
Priority review of new drug applications (a 6-month review rather than the standard |0-
month review). Fast Track speeds new drug development and review, for instance, by
increasing the level of communication FDA allocates to drug developers and by enabling
Center for Drug Evaluation and Research (CDER) to review portions of a drug application

ahead of the submission of the complete application [58].

iii.  Rare Pediatric Disease Vouchers
The Rare Pediatric Disease Priority Review Voucher Program was created under the FDA
Safety and Innovations Act (FDASIA) to encourage development of drugs and biologics for

rare pediatric diseases [59].

iv.  Waiver of Prescription Drug User Fees
The sponsor’s fee as prescribed by the Prescription Drug User Fee Act (PDUFA Fees) at the
time of submitting a MA application to FDA are waived for a designated orphan product

[57].

v.  Marketing exclusivity
The first sponsor of a designated orphan drug to obtain FDA marketing approval for the
designated rare disease or condition receives 7 years of marketing exclusivity [57]. More
than one sponsor can receive an orphan designation for the same drug/indication. However,
only the first drug to be approved for a given indication will enjoy the benefits of orphan
approval. A product with a different active moiety can also receive orphan approval for an
already approved orphan indication. Additionally, a second sponsor may gain orphan
approval for a previously approved orphan drug/indication if the second sponsor’s product

demonstrates increased clinical benefit [60].
















2.4 Legal Framework and orphan drug designation application in Japan

In 1972, the Ministry of Health and Welfare (MHLW) enacted the “General Outlines for
taking Measures to deal with Intractable Disease [NAMBYO]” which was the first
established in the world [67]. Originally, rare diseases were known as "intractable diseases

(Nambyo)" in Japan.

Since then, measures to combat intractable diseases in Japan have progressed substantially,
including : i) the "Specified Disease Treatment Research Program" established in 1972 with
the support of the MHLW to promote research on 130 intractable diseases; ii) the revised
"Orphan Drug Regulation" enacted in 1993 to encourage discovery and development of
orphan drugs with specific incentives; iii) the "Intractable Disease Information Center"
established in 1997 to provide vast information to patients with intractable diseases, and iv)
designation of "Bases for Early and Exploratory Clinical Trials in Specific Research Areas"
starting in 2011 to promote the development of innovative drugs and medical devices
originating from Japan. Furthermore, "Revision of Measures to Combat Intractable Diseases"
was approved in January 2013 in order to promote measures to combat intractable diseases

in light of changing social and financial resources [68].

In Japan, drugs and medical devices can be designated as orphan drugs or medical devices

based on the Article 77-2 if they fulfill the following criteria [69]:

I. Number of patients
The number of patients who may use the drug should be less than 50,000 in Japan (less than

3.9 per 10,000 individuals approximately).

2. High priority in health care needs

The drugs should be indicated for the treatment of serious diseases, including difficult-to-
treat diseases. In addition, they must be drugs for which there are high medical needs
satisfying one of the following criteria: there is no appropriate alternative drug or treatment
in Japan and high efficacy or safety is expected compared with existing medical products in

Japan [70].
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3. High possibility of development
There should be a theoretical rationale for the use of the product for the target disease, and

the development plan should be appropriate [70].

Orphan designation in Japan also affords a company with certain services that may be
provided by the MHLW or by the Pharmaceuticals and Medical Device Agency (PMDA) and
by the National Institute of Biochemical Innovation (NIBIO). When requested for guidance
and advice to support the development of an Orphan product, the MHLW, PMDA or
NIBIO, can provide significant resources and support to organizations developing these
products for rare disease. The responsibilities of major regulatory authorities involved in the

designation system in Japan are described in Figure 10 [69].
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PMDA NIBIO
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conclusion for orphan
designations by providing

prior assessment reports

Pre-designation
consultation for orphan
drugs
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Priority scientific
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L
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Figure 10. Regulatory authorities involved in the orphan designation system in Japan
Adapted from [69].
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2.4.1 Orphan Medicinal Product Designation in Japan

To obtain a designation as an Orphan product in Japan, the sponsor initially submits a
predetermined application form and summary information to demonstrate that the product

meets the criteria to treat a rare disease [69].

This application is filed to the Evaluation and Licensing Division, Pharmaceutical and Food
Safety Bureau at the MHLW [69]. The application should contain the following information
[71]:

e estimated size of the patient population in Japan for whom the product is intended;

e supporting information in terms of medical need;

e available data at the time of application;

e development plan.

The MHLW will evaluate the application and may request more information as needed, or
request a meeting with the sponsor. The MHLW may also request advice from the
Pharmaceutical Affairs and Food Sanitation Council on the indication and qualification as a
rare disease in Japan. Given the requirements for designation as an Orphan Medicinal
Product, it is important also for the sponsor to present a strong rationale and potentially
proof of principle data in animals or humans that the product has a high potential to treat

the rare disease [69].

The Japanese government's support for research and development of orphan drugs can be

classified at two levels (administrative and financial) [72]:

e The administrative level

a. Subsidy payment
Orphan drug/medical device applicants can receive subsidies through the National Institute
of Biomedical Innovation (NIBIO) to reduce the financial burden of product development.

The total budget in the year 2010 was 650 million yen.
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b. Guidance and consultation

Orphan drug/medical device applicants can receive guidance and consultation from the
Ministry of Health, Labour and Welfare (MHLW), the Pharmaceuticals and Medical Devices
Agency (PMDA), and NIBIO on research and development activities. PMDA provides a
priority consultation system for designated orphan drug/medical device. Lower user fee

categories for PMDA’s consultation are applicable to designated orphan drugs.

c. Preferential tax treatment
12% of study expenses for orphan drug/medical device incurred during the NIBIO subsidy

payment period (not including subsidies granted by NIBIO) can be reported as a tax credit.

d. Priority review
Designated orphan drugs and medical devices will be subject to priority review for marketing
authorisation to ensure that they are supplied to clinical settings at the earliest possible

opportunity.

e. Extension of re-examination period
After orphan drug/medical device designation and approval, the re-examination period for

the drugs will be extended up to 10 years for drugs and up to 7 years for medical devices.

e The financial level

a. Research and development (R&D) grants for development of orphan products:
The NIBIO offers grants for the development of orphan products up to 50% of the R&D

cost.

b. Tax reduction or credits:
Tax credits are granted for 12% of the drug’s development cost, after subtracting any NIBIO

grant. NIBIO provides consultation for companies regarding tax deduction.

c. Fees associated with Marketing Authorisation application:
A 25% reduction in initial regulatory user fees for review of the marketing application is

granted.
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The National Institute of Biomedical Innovation, Health and Nutrition database provide
information concerning the OD designation requested in Japan. It can be seen in Figure ||

that the number of OD designations was low between 2001 and 2010, but as significantly
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Figure 11. OD designations granted in Japan until May 2015
Reproduced from [15].

2.4.2 Post-Orphan Medicinal Product Designation in Japan

The information about designation and approval of orphan drugs and orphan medical devices
are publicly available on NIBIO's website. After orphan drug designation, the PMDA offers
consultation services regarding protocol development of studies for marketing approval
(applicants with orphan products are given priority over applications for non-orphan
products) and decides the amount of data required to support marketing approval on a case-
by-case basis. NIBIO provides advice regarding studies carried out during this period [71].
Since 1994 from May 2015, 246 (64%) designated ODs have received marketing
authorisation (Figure 12).
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Figure 12. Number of OD that received Marketing Authorisation in Japan until May
2015

Reproduced from [15].
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Chapter 4 - Challenges during the development of Orphan
Drugs: particular focus on clinical stage






4.1 Challenges of Orphan Drug Development

Before a potential new treatment can be approved, it must be tested in clinical trials.
Advances in science and technology, such as personalized medicine, are creating new
opportunities to improve and expand research into rare diseases and the development of

new treatments [82].

Furthermore, there has been a rapidly-growing demand for clinical trials in orphan
indications because of orphan drug legislation in both the USA and the EU that have
established incentives to increase research in these areas. Public incentives and facilitations

make drug development for rare diseases more financially viable [5].

In order to benefit from the regulatory and commercial incentives of orphan drug

development, sponsors must be aware of the hurdles involved in studying rare diseases [94].

There are several requirements for a therapeutic study of human diseases: appropriate trial
design and analysis to answer the research question, appropriate measurements to
complement the trial design, selection of the correct sample, ethical recruitment to
participation, funds to support the research, knowledgeable study staff, and adequate

resources to execute the study and address regulatory concerns [95].

Clinical research in rare diseases faces evident obstacles, such as very or exceptionally low
disease prevalence, small and heterogeneous patient populations, difficulty in recruiting such
patients, disease severity, lack of or limited knowledge of disease natural history and high
attrition rates during R&D processes [96]. Additionally, two thirds of rare diseases affect
children primarily and half the current trials test innovative products, adding difficulties to
the complexity of trial design and acceptability by regulatory authorities. On the other hand,
randomized placebo-controlled clinical trials involving several hundreds of patients, which
are typically part of drug development programmes for more common diseases may not be
feasible in certain circumstances [95, 96]. This may occur in the area of rare diseases
research, as well as in other areas, such as the pediatric population and in the stratification
of more common diseases using biomarker data. Inherent to rare disease clinical research,

small numbers of patients in clinical trials present certain challenges, in particular [97]:
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e The total number of eligible subjects may be very limited, which impacts the choice of
study design and the statistical methodology;

e Challenges in recruiting the necessary number of study subjects, where investigators
may ‘compete’ for the same patient;

e Scarcity of expertise in some disease settings may impact on the ability to conduct
the study in all geographical areas;

e The development programme may necessitate the coordination of numerous clinical
study sites throughout the world;

e Even if the disease aetiology is known, lack of knowledge of the natural history of the
disease may impact on the selection of the most appropriate endpoints;

e Smaller studies are more susceptible to the effects of variability;

e Missing data are likely to be more critical and have a greater impact on the
conclusions;

e Greater vigilance is required to ensure that the publication of detailed clinical
descriptions does not lead to subject identification.

The above mentioned difficulties will be described in more detail in the following sections.

4.1.1 Study Design & Execution Challenges

Clinical trials involving therapies for rare diseases are challenging for various reasons,
including poor understanding of the natural history of the proposed indication due to few
observational studies studying disease progression, heterogeneous patient populations with
variable phenotypes and clinical courses, geographic dispersion of patients and investigators,
regulatory uncertainties, lack of validated endpoints and lack of prior clinical studies to
establish a template for study execution. In addition, small patient populations isolated in a
few tertiary care centers go against traditional methods of study operation. Although these
obstacles are not unique to orphan drug trials, the solutions to these challenges may be
more difficult to find in these trials specifically.

When designing a clinical study focused on a rare disease, sponsors may find it difficult or
impossible to find fundamental disease information, such as disease prevalence, incidence or
treatment patterns, on which to base the study protocol. In most rare diseases, there are no
standardized clinical trial designs or efficacy outcome measures, leading to difficulties in
selecting appropriate endpoints, outcome measures, tools and biomarkers. The nature of

rare diseases also makes it challenging to select appropriate study durations. Small patient
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populations limit study variation and the genetic basis or associated co-morbidities of many

rare diseases can be confounding factors in study predictability [94].

4.1.2 Recruitment Challenges
Recruitment for orphan drug trials is challenged by the small number of patients for each
disease, low disease awareness in the general population and an ill-defined base of treating by

the physicians or clinics [94].

The need to study patients at early stages for disease-modifying agents or, on the contrary,
those at very advanced stages, when intervention risk is high, may not be feasible to narrow
down entry criteria based on disease stage or other characteristics. Patients’ geographical
dispersion requires multicenter and multinational collaboration, introducing additional
regulatory and funding obstacles. For severe rare diseases, travel to research centers may be

impossible [98].

Selection criteria for orphan drug trials involves identifying countries with a sufficient
number of suitable study participants, then determining whether these patients are
accessible and willing to participate, and finally, identifying centers of excellence with the
therapeutic and operational capabilities to execute the intended observational or
interventional trial. The nature of the indication emphasizes the importance of the medical,
cultural and regulatory context as well as the standard of care and treatment pathways

within each country of interest for the clinical study [99].

Patient databases typically used as a recruitment resource are of limited utility in orphan
indications because the primary inclusion criteria often consist of assessments that are not
commonly recorded on medical charts. Patient recruitment may also be complicated by
simultaneous studies of a rare disease, since enrollment in one trial may render a patient

ineligible for another trial [94].

Additionally, many rare diseases are fatal in infancy or childhood and children who do
survive to adulthood face difficulties transitioning from pediatric to adolescent to adult care,
and frequently the clinical presentation will evolve. Understandably, patient recruitment,

retention and management can present more challenges with a younger demographic group
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of patients. Participants’ physical, intellectual, and emotional growth, developing attitudes and

beliefs, as well as family dynamics, all have an influence on their participation [99].

4.1.3 Regulatory Challenges

There are no documented differences in marketing approval criteria for orphan drugs and
drugs for common indications, and sponsors must still prove substantial evidence of the
effectiveness of the drug using adequate and well-controlled investigations. Nevertheless, the
FDA has publicly expressed sensitivity to applying flexibility in its approval standards to new
therapies for rare disorders. Additionally, EMA also provides guidance on procedures for
the granting of marketing authorisation under exceptional circumstances, including
indications which are encountered so rarely that comprehensive evidence cannot be
provided, and orphan drugs may meet the criteria to be considered for approval under

exceptional circumstances [94].

By working closely with regulatory authorities, the path to drug development and
registration is highly individualized. Each situation is assessed on a case-by-case basis and
deviations from a scientific “gold standard” may be acceptable. This is why clinical drug
development in these cases should always be conducted based on extensive, thorough, pre-

IND meeting or Scientific Advice with the authorities FDA and EMA, respectively [5].

4.1.4 Other Challenges

Other challenges associated with orphan drug development include ethical concerns and
reimbursement scrutiny. A majority of rare diseases affect children, and pediatric studies
require sponsors to carefully balance the ethical considerations of conducting studies in a
vulnerable population with concerns about site selection, recruitment, compliance, and
statistical powering. In children, the issue is not restricted solely to rare diseases as the
difficulty in recruiting sufficient numbers of these patients is a problem for even frequent
diseases. This difficulty is mainly due to ethical and psychological considerations, which not

only represent an obstacle to running clinical trials but also to protecting the children [98].

With the growing number of orphan drugs on the market, the impact on payers is increasing
and their attention towards orphan drug pricing and reimbursement is likely to increase, as

well. Due to small market sizes, sponsors will need to develop a low-cost delivery model
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that enables specialty pharmacies to provide orphan drugs to the patients who need them

[98].

4.2 Innovative research methods for studying treatments for rare diseases

There are various strategies that sponsors can employ to plan for, and overcome, the clinical
and regulatory challenges of orphan drug development.

High levels of evidence come from well-designed and well-executed clinical trials. In the
small populations setting, the most appropriate trial approach will be determined on a case-
by-case basis and will depend on the perceived advantages, the disadvantages and what may

have to be sacrificed [97].

The objective of generating the best evidence base as possible in an ethical and timely
manner can be achieved through rigorous planning and early engagement with the regulatory
authorities, where discussions to ensure optimisation of the development programme can be
fully explored and the acceptability of novel and innovative methodology can be
prospectively agreed. This is the case of modelling and simulation, adaptive designs that
permit flexibility to update various aspects of the study (including randomization scheme,
number of treatment groups, and number and frequency of intermediate analyses) using pre-

specified and statistically sound criteria [100].

For small rare disease populations, sponsors may have more success with clinical trial
recruitment by reaching out to patients directly, rather than relying on investigators to
identify qualified participants. Establishing an informational website and educational print
materials targeted at patients and their caregivers may help with study recruitment.
Sponsors should also consider working with patient support and patient advocacy groups /
associations to drive clinical trial awareness to their members. Targeted advertising at the

local level may be effective as well [94].

In order to enhance the clinical trial process for participants, as well as improve study
outcomes, sponsors frequently utilize the experiences and knowledge of patients and
caregivers in the process of trial design. By doing this, drug developers can gain valuable

insight into experiences associated with a specific condition, after all, firsthand knowledge of
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what it is like to progress through site visits and procedures while managing an illness is not

something that can come readily, or exclusively, from a professional point of view [99].

A recent report published that, for new products entering Phase Ill trials from | January
2000, an average 761 patients were enrolled in orphan drug trials versus 3,549 in non-
orphan drug trials [19]. Additionally, Table || also highlights that the cost of a phase Ill study
with an orphan drug is, in average, approximately four times inferior to the cost of

conducting a phase Ill with a non-orphan drug.

Table I 1. Average Phase Ill Trials Sizes and costs (new drugs entering phase Il from |
Jan. 2000)
Adapted from [19].

Phase Il Trial Size Phase Ill Cost ($m)
Estimated
Product Type No. of .
Median | Average | Products . % of Median Average Total
=) Patients

Orphan 538 761 466 354,705 10% 99 103 47,929
Non-Orphan 1,558 3,549 952 3,378,809 90% 150 193 189,543
All 921 2,633 1,418 3,733,514 100% 127 163 231,472

Although trial sizes showed in Table || are an average of all Phase Ill trials sizes considered,
exceptional clinical development for a very rare disease can require trial sizes significantly
different from the average for orphan drugs. As an example, FDA approved in 2015 an
orphan drug based on the clinical results of a 4-patient trial. The FDA approved Wellstat
Therapeutics’ uridine triacetate (Xuriden®) for the treatment of hereditary orotic aciduria
(HOA), an ultra-orphan indication that has been reported in only 20 people worldwide

[101].

A sponsor company can obtain orphan designation status, at any stage of development, if it
fulfils all criteria established by the regulatory authorities. The charts of Figure 20 are based
on internal European Medicines Agency (EMA) data derived from the 1,406 applications for
orphan designation that were granted a positive opinion by the Committee for Orphan
Medicinal Products (COMP) and orphan designation by the European Commission between
2000-2014. The analysis of the stage of development of an orphan drug at the time of
designation suggests that the majority of designations are based on clinical data (Figure 20.a).

Nevertheless, a substantial percentage of applications comprise only preclinical data (Figure
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20.2). The level of preclinical evidence in the applications that were submitted, shows that

86% of all submitted application includes both in vivo and in vitro data (Figure 20.b).

a General stage of development b Preclinical evidence

M Phasel H Phase lll M In vivo data only
B Phase I/Phase Il Preclinical B In vitro data only
O Phase Il B In vivo and in vitro data

Figure 20. Information in applications for orphan drug designation in the European
Union from 2000 to 2014
Reproduced from [17].

In recent years, innovative epidemiological and clinical trial methods have been developed

that offer promise for promoting more efficient and effective research.

New methods have been proposed or used to analyze health outcomes in patients with rare
disease in observational data. Some of these methods (for example, crossover designs and
propensity scores) are already used in studies of common conditions. Awareness of the
armamentarium of research tools available will help investigators design studies in patients
with specific rare diseases and will help clinicians interpret the results of these studies when
treating patients with these conditions. Observational studies are an important approach for
studying health outcomes in rare diseases, particularly as patient registries and electronic

healthcare databases continue to grow and offer richer clinical information [102].

In conclusion, as a result of innovative methods (exemplified in Table 12), the number of
drugs that are successfully brought to market for a variety of orphan indications is likely to
rise in the next years and decades. However, securing regulatory approval for the trial
designs requires an exploration of innovation in study design, appreciation of evolving
regulatory guidance, and incorporation of patient and family perspectives into the scope and

detail of the drug development process. Additionally, successful commercialization efforts
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are predicated on demonstration of value during the course of clinical development,
requiring different types of trials capable of evaluating changes in overall healthcare
utilization following the introduction of innovative therapy; i.e., an effort which evaluates the
impact of novel therapy on a ‘system of care’ in order to enable patient access. Given the

unique technology represented by these products, educational programs for physicians and

patients enhance informed adoption [99].

Page 72



Table 12. Summary of research strategies for studying rare diseases and their advantages
Adapted from [102].

Expand access to studies and participants

Promote recruitment and

€/ 93ed

retention
. . e Make use of .. Facilitate Maximize No of Expand
Strategy Description Minimize no. R Maximize outcome R . .
. conventionally | . . confounding participants access to
of required information among . > R .
. . underpowered . . adjustment with who receive studies and
participants . participants . .
studies sparse data treatment participants

Study design options:

Two or more treatments can be
Factorial designs | simultaneously compared in a single X - - - - -

group of study participants
Response- Increases participants’ probability of
adaptive being exposed to more effective X - - - - -
randomization treatment and reduces total sample size
Sequential Can identify differences in treatments X
designs before the end of planned enroliment
Crossover, n- Using patients as their own controls both
of-1, alternating | guarantees treatment and increases X - - - - -
designs statistical efficiency

. As compared with binary outcome,

Use continuous ) . .

continuous measures increase statistical - - - - - -
outcome -

efficiency
Use surrogate Can be measured before patients are lost X
outcome to follow-up for hard clinical endpoints

. Combining multiple outcomes into a

Use composite ] L

single endpoint increases number of - - X - - -
outcome

events
Use repeated Allowing patients to contribute more
measure than one event can increase total number - - X - - -
outcome of events
Case-control Longer studies permit capture of more X

sampling

outcome events among participants

Case-control
sampling

Reduces study size by sampling a portion
of patients who do not experience an
outcome




pL 93eg

Expand access to studies and participants

Promote recruitment and

retention
. . e Make use of .. Facilitate Maximize No of Expand
Strategy Description Minimize no. R Maximize outcome R . .
. conventionally | . . confounding participants access to
of required information among . > R .
. . underpowered . . adjustment with who receive studies and
participants . participants . .
studies sparse data treatment participants
Recruitment and enrollment strategies:
Focus on high Outcomes are more likely to occur in X
risk patients high risk patients
Trial networks Infrastructure for multicenter studies can
and distributed permit recruitment of larger and - - - - - X
data networks geographically diverse groups of patients
Statistical options:
Small patient populations may preclude
sample sizes with sufficient power to
Increase a . . - X - - - -
detect effects using conventional
thresholds
, Can permit adjustment for more
Propensity .
potential confounders than outcome - - - X - -
scores
regression modeling
Incorporation into larger evidence context:
Conduct stud
y Individual small studies may not provide
as part of . . ]
. definitive evidence about a question, but
prospectively . . . - X - - - -
can be combined to yield sufficient
planned meta-
i power
analysis
Incorporate
study into Small studies can help increase the X
bayesian certainty around a clinical question

framework




Chapter 5 - General conclusions and future perspectives









Repatha® (evoculumab) is a fully human monoclonal antibody (mAb) administered
subcutaneously and developed by Amgen. FDA granted evolocumab an orphan drug
designation for homozygous familial hypercholesterolemia (HoFH) a few years ago and last
year this drug received marketing authorisation. Although, it is a recently approved drug, its
innovative mechanism of action for the approved indications, positions Repatha in the top 20
sellers of orphan drugs projected to 2020 with sales of $2,695.29M for all indications (HoFH

and HeFH). Repatha®was presented as a case study in this thesis.

Clinical trials involving therapies for rare diseases are challenging for various reasons, such as
very or exceptionally low disease prevalence, small and heterogeneous patient populations,
difficulty in recruiting and high attrition rates during R&D processes.

There are various strategies that sponsors can employ to plan for, and overcome, the clinical
and regulatory challenges of orphan drug development. High levels of evidence come from
well-designed and well-executed clinical trials. Improvements in patient recruitment, study
design and study end-points, and closer collaboration with the Authorities and with patient’s
associations are probably the key strategies that companies will assume to overcome clinical

development challenges in orphan drug development in the future.

For the next few years the orphan drug market is expected to continue to grow. According
to an EvaluatePharma report [19] and consulted Thomson Reuters Cortellis™ database,
worldwide orphan drug sales will reach $178 Bn by 2020. Novel drugs such as Repatha,
Darzalex, Uptravi and Tagrisso which were approved in 2015 are included in the Top 20, i.e.
although recently approved their forecast places them in the Top 20 of orphan drug most
profitable. Currently, this analysis validates the significance of developing new medicines for
rare diseases in the global pharmaceutical market. This attention not only will potentially
affect the lives of millions of individuals worldwide who suffer from rare diseases, but it will

also propel the evolution of precision medicine.

Unfortunately, several widely recognized specialty drugs have made headlines in recent
years, as their annual sales have skyrocketed into the billions, far beyond their original
orphan market potential, thanks to added label orphan indications (as well as off-label use).
On this way, sponsor could benefit from the regulatory and commercial incentives of orphan
drug development. Currently, the Regulatory Authorities are planning measures to avoid this

type of development.
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