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Abstract

Despite the existence of numerous rare neurological diseases, no studies have been conducted on orphan drugs for neurological diseases available
on the Japanese pharmaceutical market and their potential benefits. In this context, from a statistical perspective, we investigated 1) the market
position of orphan drugs in Japan, and 2) the market penetration of generic medicines. To the best of our knowledge, this is the first empirical study
to examine the current status and development strategy of orphan drugs approved for neurological diseases in the Japanese pharmaceutical market.
The perspectives provided by this research are expected to promote the clinical development of orphan drugs in Japan for patients suffering from
intractable neurological diseases that currently have no known effective therapies. The dataset used in this research was generated from publicly
and commercially available data sources in Japan. Marketing approvals for orphan neurological products have increased dramatically in recent
years. As much as 10% of all drugs approved for neurological diseases in Japan were orphan drugs that met urgent medical needs. Six of these
orphan drugs were ranked in top 500 best-selling drugs in Japan, which indicated the presence of a potentially large market. Compared with more
conventional drugs, the prices of orphan drugs are not expected to be reduced. In addition, due to an apparent lack of competition from generics,
the quantity of available orphan drugs has remained steady, suggesting stable long-term sales. Most orphan drugs in Japan can adopt innovative
marketing strategies that divide major neurological diseases into a more specific variety of rare disease categories. We found that orphan drugs
approved for neurological diseases in Japan have been launched steadily. It is unlikely that these drugs will be affected by regular price revisions
and the launch of their generic counterparts. Based on these findings, the further development of orphan drugs in Japan should be encouraged in
order to meet urgent medical needs and deliver innovative drugs to patients suffering from rare neurological diseases.
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1. Introduction This is likely because the extremely high cost associated with
launching a product into the pharmaceutical market cannot be
Orphan drugs (OD) are pharmaceutical products for the treat-  recovered through sales if the potential market is small, as is the
ment of very serious or life-threatening rare diseases. A rare case with products for treating rare diseases. Accordingly, drug
disease is defined as one affecting less than 200,000 (about 1 companies may incur a financial loss by choosing to develop
in 1,500) and 50,000 (about 1 in 2,500) patients in the United these drugs.
States (US) and Japan, respectively[1]. Because orphan drugs In addition, the diagnosis of orphan diseases is often time-
are for treating rare diseases, and the target number of sub-  consuming and difficult due to limited evidence from basic re-
jects enrolled into clinical trials is likely to be small, it may be search and a lack of experience and knowledge regarding treat-
falsely assumed that the development costs of orphan drugs are ment among medical staff[2, 3]. Furthermore, the low num-
less than those of non-orphan drugs. Furthermore, the Japanese  per of patients with rare diseases leads to small sample sizes
pharmaceutical industry has appeared to have little interest in  jp clinical trials, making statistically significant data difficult
developing drugs intended for only a small number of patients. to obtain[4]. Joppi et al[5]. reported that the success rates
for orphan and non-orphan drug development were 62.9% and

_— . ) 70.7%, respectively, suggesting that the development of suc-
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the small number of patients enrolled in clinical trials, and lim-
ited knowledge of the diseases themselves, which leads to dif-
ficulties in setting end points in clinical trials[6]. Therefore,
pharmaceutical firms seeking to maximize profits have not his-
torically invested fully in the research and development of or-
phan drugs[7]. Consequently, patients with rare diseases have
typically been neglected and “orphaned”.

There are regulatory differences in the number of patients
necessary for being designated as orphan disease; fewer than
251,250 in EU, fewer than 200,000 or more 200,000 patients
if the development cost will not be recovered in US, and fewer
than 50,000 in Japan[8]. However, it has recently become clear

that rare diseases actually provide a viable business opportunity[9]

and many pharmaceutical companies have started to signifi-
cantly invest in the research and development of orphan drugs.
As a result, more than half of the orphan drug market share has
been captured by the major global pharmaceutical companies[10].
What has spurred this drastic change?

The primary reason for this change was the enactment of
new regulations for orphan drugs. The Orphan Drug Act (ODA)
was enacted in the US in 1983 to stimulate orphan drug de-
velopment. The ODA guarantees fiscal and regulatory incen-
tives—including market exclusivity, tax credits, research and de-
velopment grants, and pre-approvals—to pharmaceutical com-
panies who develop orphan drugs[11]. Subsequently, Japan and
many European countries enacted similar regulations[12]. The
number of newly-launched drugs is considered to be a good in-
dicator of the impact of these orphan drug-related regulations[13].
In the US, during the decade before the ODA, only 10 prod-
ucts obtained market approval[14]; however, after the ODA was
enacted, orphan drugs accounted for around one-third of new
molecular entities approved by the Food and Drug Administ-
ration[15], and a significant increase was observed in clinical
trials for orphan drugs[16].

A previous study revealed that Japan’s unique reward pre-
mium system, which sets high prices at drug launches, will
likely apply to the orphan drugs developed for neurological
diseases[17], and that the impact of this incentive system on
the field of neuroscience would be substantial[18]. Moreover,
the share of neurological drugs within the Japanese pharmaceu-
tical market, which is less affected by generic penetration than
other therapeutic areas such as cardiovascular drugs, has been
increasing[19]. All in all, the current environment in Japan is
facilitating the development of neurological drugs. It has al-
ready been reported that in the US, between 2006 and 2011,
17% of all orphan drug approvals were for neurological dis-
eases, making it the second largest share of orphan drugs[20].
However, no empirical research from this perspective has been
reported in Japan.

Japan is referred to as a “super-aging society” due to high
life expectancies resulting from medical advancements[21]. Con-
sidering the effects of aging on the brain [22], an increasingly
urgent medical need for neurological drugs is expected. How-
ever, several studies have noted that significant lags in drug
development for neurological diseases still exist in Japan[23—
25]. Therefore, many patients in Japan are unable to receive the
global standard of care in neurology.

In this context, we investigated the orphan neurological prod-
ucts in Japan and the degree to which they provide benefits to
both patients and pharmaceutical companies. To the best of
our knowledge, this is the first comprehensive and empirical
study to attempting to clarify the current market status of or-
phan drugs approved for neurological diseases, as well as the
penetration of generic medicines in Japan. The perspectives
provided by this article are expected to promote the develop-
ment of orphan neurological products in Japan, which in turn is
expected to improve the quality of life of patients suffering from
intractable neurological diseases that currently have no known
effective therapies.

2. Materials and Methods

2.1. Data sources

The dataset used in this research was generated from pub-
licly and commercially available data from both the IMS Japan
Pharmaceutical Market database and the Manual of Therapeu-
tic Agents 2015[26]. The top 500 domestic pharmaceuticals
in terms of quantity and sales between 2009 to 2014 were used.
Data obtained from the IMS database on psychiatric drugs were
excluded. In addition, as described below, the latest neurologi-
cal products were extracted based on information in the Manual
of Therapeutic Agents 2015, which is the guidebook most com-
monly used by Japanese clinical staff in medical practice. To
create the drug price database, we utilized information from the
website of the Japanese Ministry of Health, Labour and Welfare
(http://www.mhlw.go.jp/english/).

2.2. Classification of neurological drugs

The neurological drugs selected were classified as follows
based on the disorder they were developed to treat: Parkinson’s
disease; epilepsy; cerebrovascular disorder; muscular rigid-
ity; myasthenia gravis; Alzheimer’s disease; dizziness; mul-
tiple sclerosis; and other (Guillain-Barré syndrome, Hunting-
ton’s disease, myoclonus, restless legs syndrome, amyotrophic
lateral sclerosis (ALS), autonomic dysfunction, spinocerebellar
degeneration, and secondary neurodegenerative insults). The
launch dates of the selected neurological drugs were identi-
fied using publicly available information from the Japanese
Pharmaceuticals and Medical Devices Agency (PMDA) web-
site (http://www.pmda.go.jp/english/).

2.3. Orphan drugs

Orphan drugs approved to treat neurological diseases
were selected using publicly available information from
both the National Institute of Biomedical Innovation
(http://www.nibio.go.jp/english/index.html) and PMDA
websites.

2.4. Statistical analysis

Simple linear regression model was performed to assess
changes in the clinical use of riluzole (Rilutek), taltirelin (Cere-
dist), donepezil hydrochloride (Aricept), and edaravone (Radi-
cut) between 2009 and 2014.
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Figure 1: The number of neurological drugs approved in Japan by decade Drugs in the “other” category are as follows: autonomic dysfunction, amyotrophic lateral
sclerosis (ALS), myoclonus, Guillain-Barré syndrome, spinocerebellar degeneration, secondary neurodegenerative insults, Huntington’s disease, and restless legs

syndrome
Table 1. Profiles of orphan drugs for neurological diseases ranked in the top 500 in sales in 2014
Brand name Generic name Indication Rank  Approval Development  Generic
year strategy
Ceredist Taltirelin Spinocerebellar 117 2000 oD Yes
degeneration
Venoglobulin IH Polyethylene Glycol ~Myasthenia gravis 164 2011 Non-OD — OD No
Treated Human Normal
Immunoglobulin
Kenketsu venilon-1 Freeze-Dried Sulfonated  Guillain-Barré 203 2000 Non-OD — OD No
Human Normal syndrome
Immunoglobulin
Kenketu glovenin-I ~ Polyethylene Glycol ~Myasthenia gravis 228 1999 Non-OD — OD No
Treated Human Normal
Immunoglobulin
Rilutek Riluzole ALS 392 1998 oD Yes
Betaferon Interferon beta-1b Multiple sclerosis 484 2000 oD No
ALS: amyotrophic lateral sclerosis; OD: orphan drug.
Non-OD — OD: First indication was non-orphan disease. Second indication was orphan disease.
3. Results tion of neurological drug development in Japan has largely been

Trends in the launch of the neurological drugs in Japan are
shown in Figure 1. The number of available neurological drugs
has been steadily increasing, which suggests that the promo-

successful. In addition, since 2010, “other” drugs for neuro-
logical diseases with urgent medical needs, most of which are
designated as orphan diseases, have been launched steadily in
Japan. The neurological drugs currently available in Japan clas-
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Figure 2: The proportion of neurological drugs presently approved in Japan Drugs in the “other” category are as follows: autonomic dysfunction, ALS, myoclonus,
Guillain-Barré syndrome, spinocerebellar degeneration, secondary neurodegenerative insults, Huntington’s disease, and restless legs syndrome

Table 2. Fluctuations in the prices of riluzole (Rilutek), taltirelin (Ceredist), donepezil

hydrochloride (Aricept), and edaravone (Radicut)

Drug price (yen) Ratio
Brand name 2010 2012 2014 2010/2008 2012/2010  2014/2012  2014/2008
Aricept 286.5 238.5 219.5 0.99 0.83 0.92 0.76
Radicut 8136 6695 5729.3 0.99 0.82 0.86 0.69
Rilutek 1701.5 1701.5 1536.8 1.00 1.00 0.90 0.90
Ceredist 1178.9 1178.9 1076.6 1.00 1.00 0.91 0.91

sified by the disorder they were developed to treat are shown
in Figure 2. About half of all the neurological drugs were for
the treatment of major diseases such as Parkinson’s disease and
epilepsy; however, as much as 10% were “other” drugs. Ac-
cordingly, this steady launch of new neurological drugs has
successfully allowed urgent medical needs to be met, indicat-
ing that Japan is comparable to the US in the development of
neurological drugs.

The profiles of all orphan drugs for neurological diseases
ranked in top 500 in sales in the Japanese pharmaceutical mar-
ket in 2014 are shown in Table 1. The top selling orphan drug
in Japan was Ceredist. Notably, the drugs whose generic coun-
terparts had already been launched in Japan (Ceredist and Ri-
lutek) were still ranked in top 500 in sales. Fluctuations in the
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prices of Ceredist, Rilutek, Aricept and Radicut are shown in
Table 2. The generic counterparts for all of these drugs have
recently been launched. The prices of Rilutek and Ceredist did
not change as much as those of Aricept and Radicut, even after
the launches of their generic counterparts. In contrast, dramatic
price erosion was seen for Aricept and Radicut after the en-
try of their generic counterparts to the market. Figure 3 shows
changes in the clinical use of Rilutek, Ceredist, Aricept, and
Radicut between 2009 and 2014 based on the number of pre-
scriptions. Although the clinical use of Aricept and Radicut de-
creased after their generic counterparts became available, this
was not the case for Rilutek and Ceredist, suggesting that these
drugs are less susceptible to generic erosion than conventional
drugs. Moreover, our results suggest that orphan drugs for neu-
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Figure 3: Changes in the clinical use of riluzole (Rilutek), taltirelin (Ceredist), donepezil hydrochloride (Aricept), and edaravone (Radicut) between 2009 and 2014

rological diseases can cultivate stable sales and largely remain
free from regular price reductions.

4. Discussion

Basic research on orphan drugs has been encouraged by
the establishment of a global network and a platform that sup-
ports pharmaceutical companies in the development of orphan
drugs[27, 28]. In addition, more and more academic institu-
tions are conducting research on orphan drugs[29], and as a
result, numerous target molecules have been identified; this is
expected to lead to the development of innovative new drugs for
neurodegenerative diseases[30]. Based on quantitative analysis,
new concepts for the effective clinical development of orphan
drugs have also been developed[31]. Furthermore, research is
increasingly being conducted in the field of clinical pharma-
cology, which is key as part of a complete clinical data pack-
age for new drug applications, mainly at the lower range of
the prevalence-rate range[32]. Compared with orphan drugs in
other therapeutic areas and non-orphan drugs, market approval
of orphan drugs for neurological diseases required fewer clin-
ical trials[33]. Accordingly, the development of orphan drugs
globally has been markedly increasing. In this study, we found
that the clinical development of neurological drugs led to the
availability of numerous new drugs with stable sales in Japan,
even though the cost of research and development in this thera-
peutic area is known to be high[34].
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It is reported that dividing a major disease into a more
specific variety of rare disease categories can stimulate drug
development for the primary indication through the drug
repositioning[35, 36]. In fact, one report describes this type
of marketing strategy for orphan drugs[37], and another rec-
ommends that this strategy be applied to all orphan drugs in
the future[38]. Our findings suggest that this type of market-
ing strategy works well, at least for neurological drugs in Japan
if the drug repositioning is properly conducted. We hope that
pharmaceutical companies in Japan will utilize these findings
and develop innovative new orphan drugs across all therapeutic
areas.

However, it should be noted that the following two issues
have been raised: ethical considerations regarding the use of or-
phan drugs, and the effect of orphan drugs on health care costs.
First, due to their low incidence, orphan drugs are more likely
to be approved with less evidence compared with conventional
drugs. Patients with orphan diseases may also receive less ef-
ficacious and riskier therapies[39]. In fact, a higher incidence
of safety issues in relation to orphan drugs has already been
reported[40]. To close this evidence gap, it is therefore neces-
sary to utilize post-marketing studies [41-—43].

Second, therapies for orphan diseases are often too expen-
sive. Numerous discussions have been held to justify these
high drug prices, most of these revolving around the fact that
substantial investments have been made for small groups of
patients[44]. One reported solution is the introduction of more
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incentives for pharmaceutical companies so that drug devel-
opment for rare diseases can be on par with that for major
diseases[45].

Funding for clinical development has also been discussed.
James et al[46]. reported that a more adequate funding system
was needed to encourage drug development. All in all, orphan
drug development is still faced with a number of challenges.
However, we believe that adaptively optimized circumstances
for both patients and society will be set in the near future.

In summary, numerous pharmaceuticals for refractory or
rare neurological diseases have been launched in Japan over the
past decade, and the development of such drugs has been no-
ticeably increasing. However, the number of therapeutic agents
available on the market in Japan remains low. In this study, we
focused on Ceredist and Rilutek, which stop the progression of,
but do not provide a cure for, neurological diseases. Therefore,
innovative new orphan drugs that can actually cure neurological
diseases are still needed in Japan. As long as the success rates
for the development of new drugs remains low, pharmaceutical
companies should employ a strategy of developing drugs for
niche areas such as intractable and rare neurological diseases.
This will allow pharmaceutical companies not only to survive
in the increasingly competitive pharmaceutical market, but also
to contribute to the advancement of public health.

5. Conclusions

The following findings were obtained from this research: 1)
Marketing approval for drugs in niche areas such as rare neu-
rological diseases has increased; 2) The number of intractable
neurological diseases is large compared with other therapeutic
areas, but the number of available therapies for neurological
diseases remains limited; 3) Orphan drugs can be one of the
top-selling classes of drugs in Japan. These drugs can culti-
vate stable long-term sales and are less susceptible to generic
erosion than conventional drugs; and 4) Prices of orphan drugs
for neurological diseases are likely to remain free from regular
price reductions.

6. Author Note

This study was presented in part at Annual Meeting of The
Japanese Pharmacological Society, March 10, 2016, Kanagawa,
Japan.

7. Acknowledgements

The authors wish to express their sincere gratitude to
Toshiki Teshima of Keio University for assistance with the data
analysis.

8. Conflict of Interest

The authors declare no conflicts of interest. This research
was supported in part by Keio Gakuji Academic Development
Funds and MEXT-Supported Program for the Strategic Re-
search Foundation at Private Universities.

12

9. Article Information

The article was received March the 31st, 2016, in revised
form June the 3rd, 2016 and available on-line July the 22nd,
2016.

References

[1] A. Lavandeira, current situation,
Haemophilia 8.

M. Wiistfelt, B. Fadeel, J. Henter, A journey of hope: lessons learned from
studies on rare diseases and orphan drugs, J. Intern. Med. 260 (2006) 1.
H. Heemstra , From research on rare diseases to new orphan drug devel-
opment., Utrecht: Utrecht University, 2010.

M. Haftner, Adopting orphan drugs—two dozen years of treating rare dis-
eases, N. Engl. J. Mede. 354 (2006) 445.

R. Joppi, V. Bertele, S. Garattini, Orphan drug development is not taking
off, Br. J. Clin. Pharmacol. 67 (2009) 494.

T. Coté, K. Xu, A. Pariser, Accelerating orphan drug development, Nat.
Rev. Drug. Discov. 9 (2010) 901.

M. Drummond, D. Wilson, P. Kanavos, P. Ubel, J. Rovira, Assessing the
economic challenges posed by orphan drugs, Int. J. Technol. Assess. 23
(2007) 36.

P. Franco, Orphan drugs: the regulatory environment, Drug. Discov. To-
day 18 (2013) 163.

A. Coté, B. Keating, What is wrong with orphan drug policies?, Value.
Health. 15 (2012) 1185.

R. Hyde, D. Dobrovolny, Orphan drug pricing and payer management in
the United States: are we approaching the tipping point?, Am. Health.
Drug. Benefits 3 (2010) 15.

M. Braun, S. Farag-El-Massah, K. Xu, T. R. Coté, Emergence of orphan
drugs in the United States: a quantitative assessment of the first 25 years,
at. Rev. Drug. Discov. 9 (2010) 519.

H. Nakamura, New and future treatments for neurological disor-
ders—knowledge essential to daily clinics and future prospects. Topics:
14. The drug development of orphan drug, Nihon Naika Gakkai Zasshi.
102 (2013) 2009.

M. Haffner, Orphan drug product regulation—United States, Int. J. Clin.
Pharmacol. Ther. 40 (2002) 84.

M. Haffner, Designing clinical trials to study rare disease treatment, Drug.
Inf. J. 32 (1998) 957.

T. Coté, A. Kelkar, K. Xu, M. Braun, M. Phillips, Orphan products: an
emerging trend in drug approvals, Nat. Rev. Drug. Discov. 9 (2010) 84.
W. Yin, Market incentives and pharmaceutical innovation, J. Health.
Econ. 27 (2008) 1060.

S. Shibata, R. Uemura, T. Suzuki, Factors that affect the acquisition of
reward premiums for promotion of innovative drug discovery in Japan,
Ther. Innov. Regul. Sci. 50 (2016) 56.

S. Shibata, R. Uemura, T. Suzuki, Impact of premium rewards for the
promotion of innovative drug discovery on the Japanese pharmaceutical
market: an analysis by therapeutic area, Ther. Innov. Regul. Sci. 50 (2016)
49.

S. Shibata, R. Uemura, T. Suzuki, Comparative analysis between the
top-selling drugs in the Japanese pharmaceutical market and those in the
United States, the United Kingdom, France, and Germany, Ther. Innov.
Regul. Sci. 50 (2016) 221.

1. Melnikova, Rare diseases and orphan drugs, Nat. Rev. Drug. Discov. 11
(2012) 267.

N. Muramatsu, H. Akiyama, Japan: super-aging society preparing for the
future, Gerontologist. 51 (2011) 425.

J. Morrison, P. Hof, Life and death of neurons in the aging brain, Science.
278 (1997) 412.

R. Shimazawa, I. Kusumi, M. Ikeda, Delays in psychiatric drug develop-
ment in Japan, J. Clin. Pharm. Ther. 37 (2012) 348.

R. Shimazawa, M. Ikeda, Delays in neurological drug development in
Japan, Intern. Med. 50 (2011) 1565.

R. Shimazawa, M. Ikeda, Japan lags behind the UK in neurological drug
approvals, Br. J. Clin. Pharmacol. 71 (2011) 473.

F. Takaku, Y. Yazaki, Manual of Therapeutic Agents 2015. Tokyo: Igaku-
Shoin Ltd. 2014.

Orphan drugs: legal aspects,
[2]
[3]
[4]
[5]
[6]

(71

(8]
(9]

[10]

[11]

[12]

[13]
[14]
[15]
[16]

[17]

[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]

[26]



Shibata et al. / Journal of Regulatory Science 03 (2016) 7-13

[27] T. Kodama, N. Tomita, Global movement for diagnosis and treatment of
rare/intractable diseases, Journal of the National Institute of Public Health
60 (2011) 105.

[28] T. Kodama, S. Takemura, International comparison of undiagnosed dis-
eases program and rare diseases, Journal of the National Institute of Pub-
lic Health 59 (2010) 245.

[29] L. Coles, J. Cloyd, The role of academic institutions in the development
of drugs for rare and neglected diseases, Clin. Pharmacol. Ther. 92 (2012)
193.

[30] S. B. Haeberlein, T. Harris, Promising targets for the treatment of neu-
rodegenerative diseases, Clin. Pharmacol. Ther. 98 (2015) 492.

[31] L. Lesko, Quantitative analysis to guide orphan drug development, Clin.
Pharmacol. Ther. 92 (2012) 258.

[32] E. Bashaw, L. Fang, Clinical pharmacology and orphan drugs: an infor-
mational inventory 20062010, Clin. Pharmacol. Ther. 91 (2012) 932.

[33] M. Orfali, L. Feldman, V. Bhattacharjee, P. Harkins, S. Kadam, C. Lo,
M. Ravi, D. Shringarpure, J. Mardekian, C. Cassino, T. Coté, Raising or-
phans: how clinical development programs of drugs for rare and common
diseases are different, Clin. Pharmacol. Ther. 92 (2012) 262.

[34] C. Milne, Prospects for rapid advances in the development of new
medicines for special medical needs, Clin. Pharmacol. Ther. 95 (2014)
98.

[35] D. Sardana, C. Zhu, M. Zhang, R. Gudivada, L. Yang, A. Jegga, Drug
repositioning for orphan diseases, Brief. Bioinform. 12 (2011) 346.

[36] S. Ekins, A. Williams, M. Krasowski, J. Freundlich, In silico reposition-
ing of approved drugs for rare and neglected diseases, Drug. Discov. To-
day 16 (2011) 298.

[37] S. Simoens, Pricing and reimbursement of orphan drugs: the need for
more transparency, Orphanet. J. Rare. Dis. 6 (2011) 1172.

[38] C. Oo, L. Rusch, A personal perspective of orphan drug development for
rare diseases: a golden opportunity or an unsustainable future?, J. Clin.
Pharmacol. 56 (2016) 257.

[39] A. Kesselheim, Ethical considerations in orphan drug approval and use,
Clin. Pharmacol. Ther. 92 (2012) 153.

[40] H. Gaddipati, K. Liu, A. Pariser, R. Pazdur, Rare cancer trial design:
lessons from FDA approvals, Clin. Cancer. Res. 18 (2012) 5172.

[41] A. Kesselheim, J. Gagne, Strategies for postmarketing surveillance of
drugs for rare diseases, Clin. Pharmacol. Ther. 95 (2014) 265.

[42] A. Dupont, P. V. Wilder, Access to orphan drugs despite poor quality of
clinical evidence, Br. J. Clin. Pharmacol. 71 (2011) 488.

[43] S. Shibata, R. Uemura, K. Chiba, T.Suzuki, A Comprehensive Anal-
ysis of Factors That Contribute to Conditional Approval and All-Case
Surveillance Designations That Subsequently Lead to Shortening of Re-
view Times in Japan, Journal of Regulatory Science 4 (2016) 1.

[44] J. G. von der Schulenburg, M. Frank, Rare is frequent and frequent is
costly: rare diseases as a challenge for health care systems, Eur. J. Health.
Econ. 16 (2014) 113.

[45] J. Aronson, Rare diseases and orphan drugs, Br. J. Clin. Pharmacol. 61
(2006) 243.

[46] J. Dear, P. Lilitkarntakul, D. Webb, Are rare diseases still orphans or hap-
pily adopted?The challenges of developing and using orphan medicinal
products, Br. J. Clin. Pharmacol. 62 (2006) 264.

13



