
Regulatory Science

The Journal of Clinical Pharmacology
2020, 60(1) 117–124
C© 2019 The Authors. The Journal
of Clinical Pharmacology published by
Wiley Periodicals, Inc. on behalf of
American College of Clinical Pharma-
cology
DOI: 10.1002/jcph.1501

Survey of Japanese Orphan Drug Program:
Factors Related to Successful Marketing
Approval

Kenji Harada,MSc , Kazuki Toriyabe,MSc, and Shunsuke Ono, PhD

Abstract

The basic components of regulatory and supporting policies for orphan drug development appear similar between the United States and Japan, but
drugs designated as orphan drugs have been different between the 2 countries. The probabilities of development success (ie, marketing approval) in
designated orphan drugs have also been significantly different. In this study,we analyzed recent outcomes of development for orphan drugs designated
from 1993 to 2017 in Japan, considering their development and approval status in the United States. Our analysis showed that success for orphan
drug development in Japan was apparently associated with prior approval status in the United States. Company size, orphan development experience,
and patient enrichment were also positively associated with successful marketing approval. Although similar designations and priority review systems
for orphan drugs have been enacted, economic incentives and regulatory conditions provided by the systems seem to be different between the 2
countries,which may lead to varied performance in orphan designation and approval.We need to pay close attention to the impact of industrial global
development strategies when comparing the outcomes and performance of different orphan drug promotion systems.
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There are many intractable diseases in the world for
which effective treatments do not yet exist.1 For rare
diseases with small numbers of patients, motivation
for drug development on the part of pharmaceutical
companies is not necessarily high.2 Issues related to
unmet medical needs in such therapeutic areas have
been discussed previously from a global perspective.3

Due to the absence of reliable data, public health
officials face difficulties in estimating the prevalence
of several rare diseases at a national and/or global
level. Patient support groups, health care providers, and
the governments worldwide implement several interna-
tional collaboration programs, which help raise public
awareness and encourage development and approval of
novel treatments beyond the boundaries.3

The orphan drug designation program was officially
introduced in the United States, Japan, and the Eu-
ropean Union in 1982, 1993, and 2000, respectively.
The programs in these jurisdictions have much in com-
mon. With the purpose of providing regulatory and
economic incentives to companies developing drugs
for rare diseases, these programs consist of several
basic components, including a prevalence threshold as
a designation requirement, financial support through
public grants, preferential consultation by authori-
ties, accelerated review, market exclusivity, and tax
incentives.4–7 For example, orphan drugs can obtain
financial support from public grants up to 50% of
the research and development cost.6,7 Orphan drugs

are treated preferentially in review time (9 months for
orphan drugs, 12 months for standard review drugs).
Market exclusivity for orphan drugs is longer than that
of other new drugs (10 years for orphan drugs, 8 years
for other new drugs).7

Although each country implements its orphan drug
program with the application of common basic reg-
ulatory components, the number and type of orphan
drugs actually designated for the programs differ from
country to country because of companies’ strategic
decisions on market entry. These decisions are based

The University of Tokyo Graduate School of Pharmaceutical Sciences
Faculty of Pharmaceutical Sciences, Laboratory of Pharmaceutical Regu-
latory Science, Tokyo, Japan

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

Submitted for publication 23 May 2019; accepted 15 July 2019.

Corresponding Author:
Shunsuke Ono, PhD, The University of Tokyo Graduate School of
Pharmaceutical Sciences Faculty of Pharmaceutical Sciences, Laboratory
of Pharmaceutical Regulatory Science, 7-3-1 Hongo, Bunkyo-ku, 113-
0033 Tokyo, Japan
Email: shun-ono@mol.f.u-tokyo.ac.jp

[Correction added on 02 August 2019 after first online publication: The
value of company size of the applicant is changed on page 3, Table 1, 2
and 3; and the last value of Period from orphan designation to application
(months) is changed from �96 to 96< in Table 1.]

https://orcid.org/0000-0001-7990-7796


118 The Journal of Clinical Pharmacology / Vol 60 No 1 2020

on not only orphan regulation but also various other
factors.8 As a result, the historical performance of
orphan drug programs measured by the number of des-
ignated drugs and probabilities of development success
has been significantly different between countries. The
probability that a designated orphan drug reachedmar-
keting approval in Japan was reportedly much higher
than that in the United States (Japan, 73%; United
States, 15%).9,10 A study in Europe revealed that only
7.1% of the designated orphan drugs in the European
Union were approved for marketing.11 These success
rates cannot simply be used for comparison purposes,
however, because they are based on a different set of
drugs submitted to each country/region; they would
instead be interpreted as a consequence of differences
in orphan drugs submitted. These obvious differences
suggest a couple of possible explanations, including
that drug companies play a “different ballgame” in each
jurisdiction, and/or that the participants in the game (ie,
companies and drugs) are different.

As is clear from historically persistent launch win-
dows in Japan and the United States, global companies
can choose the most efficient (ie, profit-maximizing) de-
velopment pathway, taking advantage of differences in
regulatory, medical, and economic conditions around
the world.12 It is natural to suppose that drug com-
panies behave differently for market entry in the 2
countries even in the field of orphan drug development.

Differences in specific orphan drug regulations, some
of which are seemingly subtle, may make a significant
difference in designation andmarketing approval.13 For
example, the threshold patient number in the United
States is much larger than that in Japan, apparently
reflecting the size of the population. In the United
States, orphan status is available for indications that
could affect <200,000 patients, while in Japan, it is
granted to those with <50,000 patients. Considering
the population of the 2 countries (Japan, 127 million;
United States, 330 million), the demographic condition
for granting orphan status is stricter in Japan than in
the United States. In addition, the Japanese orphan
drug program is unique in that it requires “development
feasibility” at the time of application. Drug companies
should demonstrate that an orphan drug candidate has
a certain likelihood of success by providing substantial
evidence such as study results obtained in previous
phases and/or regulatory (approval/designation) status
in other countries. Due to these requirements, the
orphan drug designation is hard to obtain in Japan
compared to elsewhere in the world, which probably has
had a significant impact on drug companies’ decisions
regarding for which drug (or indication) to apply for
orphan status in Japan and the related timing.

The way orphan drugs are developed in each country
thus reflects a variety of factors related to both global

and local conditions, which may result in significant
disparities in developmental success rates. However,
mechanisms that may lead to observed disparities have
not been well studied.

There are several analyses on approval probabilities
of orphan drugs in theUnited States andEurope.11,14–16

A study on orphan drug approval in Europe from 2000
to 2013 showed that the average approval probability of
the orphan drug was lower than that of the nonorphan
drugs, and that the company’s size and compliance with
scientific advice from the authorities were associated
with positive approval decisions.14 A review showed
that 74.4% of orphan drugs in Japan had already been
designated as orphan drugs in the United States for
more than a year.15 These studies present the real
pictures of application, designation, and marketing
approval of orphan drugs in certain countries, but how
those differences are formed in the setting of global
drug development has not been rigorously examined.
Previous studies usually focused on a specific country
(or region), and possible dependence on regulatory
status in other countries was not explicitly presumed in
analysis and discussions.

The objective of this study was to identify factors
related to successful marketing approval of Japanese
orphan-designated drugs. We analyzed the designation
and approval of orphan drugs in Japan using regression
analysis. We explored associations between the results
(success/failure) of the clinical development of orphan
drugs and factors that might affect key processes and/or
decisions, including corporate attributes, disease types,
and drug characteristics, considering the influence of
development and approval status in the United States.

Methods
We collected data for all designated orphan drugs in
Japan from November 15, 1993, to August 31, 2017,
from the database of theNational Institutes of Biomed-
ical Innovation, Health, and Nutrition, accessed from
the organization’s website. The flowchart of sample
selection is shown in Figure 1. From the 401 orphan
drugs designated in Japan, we excluded 3 drugs that
were withdrawn because of indication expansion. As
of September 7, 2018, 307 drugs were approved, 51
drugs failed to obtain approval, and for the remaining
40 drugs, the outcome had not been determined.

The main objective of this study was to identify
factors related to successful marketing approval of
Japanese orphan-designated drugs. We applied 3 mod-
els to our data. Multivariate logistic regression analysis
was performed with 358 orphan drugs for which official
regulatory decision (ie, approved or rejected [with-
drawn]) had been confirmed.17,18 To avoid a possible
impact from censored data, we also implemented 2
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Figure 1. Flowchart for sample selection. NIBIOHN,National Institutes of Biomedical Innovation, Health, and Nutrition.

survival regression analyses using 398 orphan drugs,
including the 40 drugs for which a regulatory decision
had not been reached by the end of our observation pe-
riod. In the Cox proportional hazard analysis, approval
was considered the sole event, and in the competitive
risk regression analysis, approval and rejection were
considered the competing events.We confirmed that the
assumptions of proportional hazards were not violated
in the global test using the Schoenfeld residuals.

The choice of explanatory variables was based on
the analysis of previous studies.17–19 The number of
patients, availability of alternative treatment, company
size of the applicant (3000� or <3000 employees),
nationality of the applicant, experience with orphan
drug development in Japan, new molecular entity,
and Anatomical Therapeutic Chemical classification
were used as explanatory variables. Drugs under the
Anatomical Therapeutic Chemical classification B, C,
D, G, H, M, P, R, S, and V, each of which comprised
<10% of the total data set, were grouped together in
logistic regression. The variable indicating that the or-
phan drug (and indication) was approved in the United
States before Japanese approval was tested to see to
what extent Japanese orphan drug designation and
development were influenced by the status of foreign
countries. It was also examined whether patients were
“enriched” explicitly (eg, stratified by biomarkers) or
implicitly (eg, subgroups of overall patient populations)
in the indication.

STATA 14 (StataCorp, College Station, Texas) was
used as the statistical tool.

Results
Descriptive statistics for the orphan drugs from 1993 to
2018 are shown in Table 1. Antineoplastic agents and

anti-infective agents accounted for 53% (212 of 398).
For example, indications for antineoplastic agents were
pancreatic carcinoma (gemcitabine hydrochloride),
multiple myeloma (bortezomib), relapsed or refrac-
tory classical Hodgkin lymphoma (nivolumab). Indi-
cations for anti-infective agents included human
T-lymphotropic virus type 1–associated myelopathy
(interferon alpha), cytomegalovirus retinitis in AIDS
patients (foscarnet sodium hydrate), methicillin-
cephem–resistant Staphylococcus aureus enteritis
(vancomycin hydrochloride). There were 4 orphan
drugs approved in the United States but rejected in
Japan. Ganciclovir was withdrawn from the orphan
designation at the preclinical stage. Haloantrine
hydrochloride progressed to phase 2, and mefloquine
hydrochloride progressed to phase 3, respectively, but
the orphan designation was canceled. The reasons for
these withdrawals and suspensions were not publicly
available. The discontinuation of levocarnitine’s
development was ascribed to lack of efficacy in the
phase 2 trial, where erythropoietin-resistant renal
anemia in hemodialysis patients was tested. It has been
approved in the United States in 1985 indicated for the
treatment of primary systemic carnitine deficiency. A
total of 132 drugs were so-called ultra-orphan drugs
with�1000 patients. The proportion of approved drugs
was 77% (307 of 398). About 38% (152 of 398) of
the drugs were approved within 24 months of orphan
designation. The proportion of drugs submitted for
approval within 3 months or 6 months from orphan
designation acquisition was 3.3% (13 of 398) and
9% (36 of 398), respectively. Median lag time before
Japanese approval for previously approved medications
in the United States was 52 months. According to
Figure S1, about half of the approved drugs were
approved within 25 months after orphan designation,
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Table 1. Descriptive Statistics for Orphan-Designated Drugs in Japan From November 15, 1993, to August 31, 2017 (as of September 7, 2018)

Explanatory Variables
Total

(N=398)
Approved
(N=307)

Rejected
(N=51)

Outcome Unknown
(N=40)

Number of patients
<100 61 52 6 3
101-1000 71 55 6 10
1001-10000 182 139 23 20
10001-50000 84 61 16 7

Patient enrichment in anticipated/approved indication
Yes 33 30 0 3
No 365 277 51 37

Alternative treatment
Not available 152 116 24 12
Exists (however, the disease is refractory or the treatment is insufficient) 196 152 22 22
Exists 50 39 5 6

Company size (no. of employees)
3000� 217 180 16 21
<3000 181 127 35 19

Company capital
Japanese capital 185 136 30 19
Foreign capital or foreign and Japanese capital 213 171 21 21

Orphan development experience in Japan
Yes 265 209 26 30
No 133 98 25 10

Period from orphan designation to application (months)
<12 92 88 1 3
12-24 77 64 3 10
24-48 100 74 11 15
48-72 60 43 9 8
72-96 35 23 11 1
96< 34 15 16 3

New molecular entity
Yes 247 192 30 25
No 151 115 21 15

Prior approval in the United States
Yes 132 121 4 7
No 266 186 47 33

ATC classification
A—Alimentary tract and metabolism 46 39 3 4
B—Blood and blood-forming organs 23 14 5 4
C—Cardiovascular system 19 13 1 5
D—Dermatologicals 1 1 0 0
G—Genitourinary system and sex hormones 3 3 0 0
H—Systemic hormonal preparations, excluding sex hormones and insulins 2 2 0 0
J—Anti-infectives for systemic use 75 63 9 3
L—Antineoplastic and immunomodulating agents 137 116 9 12
M—Musculoskeletal system 18 10 4 4
N—Nervous system 44 29 11 4
P—Antiparasitic products, insecticides, and repellents 4 2 1 1
R—Respiratory system 8 7 0 1
S—Sensory organs 13 5 7 1
V—Various 5 3 1 1

ATC, Anatomical Therapeutic Chemical classification system.

and the likelihood of success gradually declined
thereafter.

The results of the logistic regression analysis are
presented in Table 2. Prior approval in the United
States was associated positively with approval in Japan,
a following market (β = 1.91, P = .001). Company
size of the applicant was also positively correlated with
approval (β = .93, P = .011). The number of patients

(β = –.03, P = .038) had lower approval probabilities,
other conditions being the same.

Table 3 shows the results of the Cox regression
and competing risk regression analyses. These mod-
els also suggested that prior approval in the United
States was positively associated with success in Japan
(Cox: hazard ratio [HR] = 1.85, P < .001; competing
risk: subdistribution hazard ratio [SHR] = 1.98, P <
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Table 2. Results of Logistic Regression Analysis for Orphan-Designated Drugs in Japan

Explanatory Variables Coefficient SE P Value

Number of patients (N = 1000) –0.03 0.02 .038**

Alternative treatment: Exist
Not available –0.71 0.61 .242
Exists (however, the disease is refractory or
the treatment is insufficient)

–0.41 0.59 .491

Company size (no. of employees):< 3000
3000� 0.93 0.37 .011**

Company capital: Foreign capital
Japanese capital –0.24 0.36 .512

Orphan development experience in Japan: No
Yes 0.50 0.34 .141

New molecular entity: No
Yes –0.24 0.37 .516

Prior approval in the United States: No
Yes 1.91 0.56 .001***

ATC classification: ATC V
A—Alimentary tract and metabolism 1.05 1.39 .448
J—Antiinfectives for systemic use 0.25 1.30 .847
L—Antineoplastic and immunomodulating agents 0.71 1.31 .587
N—Nervous system –0.76 1.32 .565
Others (B, C, D, G, H, M, P, R, S) –0.43 1.28 .735
cons 1.61 1.32 .222

ATC, Anatomical Therapeutic Chemical classification system; SE, standard error.
Baseline category is underlined.
*P < .1; **P < .05; ***P < .01.

Table 3. Results of Cox Regression Analysis and Competing Risk Analysis on All Orphan-Designated Drugs in Japan

Cox Model Competing Risk Model

Explanatory Variables Hazard Ratio SE P Value Sub Hazard Ratio SE P Value

Number of patients (N = 1000) 0.99 0.01 .269 0.99 0.01 .189
Patient enrichment in anticipated/approved indication: No
Yes 1.55 0.34 .045** 1.62 0.31 .011**

Alternative treatment: Exist
Not available 1.39 0.27 .093* 1.18 0.22 .361
Exists (however, the disease is refractory or the
treatment is insufficient)

1.30 0.24 .153 1.16 0.21 .425

Company size (no. of employees):< 3000
3000� 1.24 0.15 .077* 1.23 0.14 .069*

Company capital: Foreign capital
Japanese capital 0.99 0.13 .929 0.97 0.12 .819

Orphan development experience in Japan: No
Yes 1.60 0.21 <.001*** 1.52 0.19 .001***

New molecular entity: No
Yes 0.97 0.13 .819 0.92 0.13 .519

Prior approval in the United States: No
Yes 1.85 0.23 <.001*** 1.98 0.24 <.001***

ATC classification: ATC except A or L
A—Alimentary tract and metabolism 1.45 0.27 .048** 1.49 0.26 .021**

L—Antineoplastic and immunomodulating agents 1.42 0.20 .010** 1.41 0.19 .012**

ATC, Anatomical Therapeutic Chemical classification system; SE, standard error.
Baseline category is underlined.
*P < .1; **P < .05; ***P < .01.

.001). Companies with orphan development experience
had higher probabilities of obtaining approval (Cox:
HR = 1.60, P < .001; competing risk: SHR = 1.52,
P = .001). Drugs with enriched indications were more

likely to succeed than ones without (Cox: HR = 1.55,
P = .045; competing risk: SHR = 1.62, P = .011).
Drugs for the alimentary tract (Cox: HR = 1.45,
P = .048; competing risk: SHR = 1.49, P = .021)
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and antineoplastic drugs (Cox: HR = 1.42, P = .010,
competing risk: SHR = 1.41, P = .012) had a higher
likelihood of success. Company size tended to present
a higher likelihood of success (Cox: HR = 1.24, P =
.077; competing risk: SHR = 1.23, P = .069), which
was in line with the results of logistic regression analysis
above. No availability of alternative treatment (Cox:
HR = 1.39, P = .093) tended to have higher approval
probabilities.

Discussion
Our analysis of marketing approvals of Japanese or-
phan drugs clarified that factors that determine success-
ful development and marketing approval are somewhat
different from those observed in previous studies target-
ing the United States and EuropeanUnion, and that we
need to consider possible impacts of industrial strategic
applications of orphan drug designation in response to
diverse local market conditions and regulatory require-
ments when comparing the outcomes and performance
of orphan drug programs in each jurisdiction.

As was expected, prior approval status in the United
States significantly increased the likelihood of approval
in Japan. This explains why approval probabilities of
orphan drugs have been much higher than those in
the United States and European Union.11 Many of
the orphan drugs designated in Japan are already
approved (or expected to be) in the United States,
which inevitably leads to much higher approval rates
in follow-on countries, including Japan. This type of
strategic behavior has been commonly observed not
only in orphan drug development but in new drug
development in general. For profit-maximizing drug
companies, entrance into smaller follow-on markets
(eg, Japan) can be compensated by higher success rates
due to a follower’s advantage in clinical development
and approval stages.12,20–22 It is well known that such
industrial behaviors based on economic “arbitrage”
have yielded historical launch delays in Japan.20

Launch delays of promising new drugs in follow-on
markets can pose a serious health hazard. It is likely
that small expected sales and profits of orphan drugs
exacerbate the situation. Interestingly, however, a local
requirement for orphan drug designation seems to play
a critical role in balancing incentives of drug compa-
nies. In Japanese regulations, drugs are given orphan
status only when the applicant can provide substantial
evidence on “development feasibility,” which is not
included in the requirements of the United States and
European Union. Approval status and/or development
histories and records (eg, positive results from clinical
trials) in the United States are commonly submitted as
substantial evidence on “development feasibility” and
enhance decisions on orphan designation in Japan. This

unique requirement and the actual success probabilities
that are evidently much higher than those in the United
States and European Union provide drug companies
with economic incentives to submit applications of
orphan drugs in Japanese markets, although it is not
clear whether the scheme is deliberately designed by the
regulators.

Designated orphan drugs in Japan are thus different
in type and number from those in the United States due
to the global application strategies of drug companies
and differences in local regulation. A previous survey
showed that 52% of Japanese designations were also
designated in the United States (191 of 364 drugs), and
only 6% of US designations were designated in Japan
(191 of 3390 drugs).15 This calls attention to comparing
performance of different regulatory systems in different
countries in this age of global drug development,
because all countries/regions depend on each other in
some regulatory and economic aspect.

It should be emphasized, however, that dependence
between 2 countries does not impact each country
equally. Previous studies examining orphan drugs in
the United States and European Union show no sig-
nificant correlation between approval probabilities and
approval status in other countries/regions.17,18 Because
theUnited States andEuropeanUnion are the 2 leading
markets, it is unlikely that approval decisions in the
2 jurisdictions are seriously affected by the status of
Japanese development and approval. To the contrary,
the present results clearly suggest that the development
and approval status in the United States exerts a critical
impact on Japanese orphan drug development.

Although the Japanese orphan drug program has
succeeded in attracting orphan drugs that have been
marketed elsewhere into the Japanese market, it is
difficult to discuss to what extent the program has
contributed to incubate potential orphan drugs in the
Japanese clinical development setting, which is also
a major objective of the program. The finding that
some orphan drugs approved in Japan obtained orphan
status just before their new drug application shows that
companies use the orphan designation only to take
advantage of the new drug application review and not
for clinical development. It is necessary to investigate
the clinical data package for each drug, both approved
and rejected, to evaluate such contributions, but it
is almost impossible to obtain information from the
clinical data packages submitted for rejected drugs.

Among the variables reflecting the drug companies’
attributes, the company size and orphan development
experience were predictors of successful marketing
approval, even when adjusting for US approval sta-
tus. These results are in line with a previous study
focusing on orphan drug development in the new drug
application and European Union.13,17 In general, large
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companies generally possess more information and
“know-how” with respect to the operation of orphan
drug development than small companies. Some of the
drugs developed by large companies that originate from
small companies, including start-ups and academia,
may tend to have a higher probability of success.23

The number of patients was negatively associated
with a likelihood of approval (Table 2); that is, des-
ignated orphan drugs with fewer patients were more
likely to be approved. Thismay conflict with our general
intuition that difficulties in clinical development in-
crease in disease areas with a small number of patients.
In orphan drug development, however, the number
of (potential) patients might not be a critical barrier
because the requirements for approval of standard
drugs are not applicable to orphan drugs. Randomized
and controlled trials are not a must for many orphan
drugs, for example, and much more lenient rules are
applied for approval decisions.24,25 Orphan drugs are
often approved with post hoc approval conditions, such
as all-case surveillance after marketing, which also
enables regulators to apply approval requirements for
orphan drugs in more flexible ways.26

There was a positive correlation between patient
enrichment in indication and successful marketing ap-
proval in both the Cox proportional hazard model and
the competitive risk model (Table 3). The coefficient of
enrichment was not estimated in the logistic regression
analysis (Table 2) because all of the 30 applications
with patient enrichment were successfully approved.
Enrichment in indications often occurs in antineoplas-
tic agents. For example, rituximab (Genetical Recombi-
nation), trastuzumab (Genetical Recombination), and
mogamulizumab (Genetical Recombination) have a
limited patient population depending on the expression
of a target antigen protein and a threshold value of the
expression level. Imatinib mesilate, crizotinib, alectinib
hydrochloride, and vemurafenib are patient enriched
according to specific chromosomal translocations and
gene mutations. Some studies have shown that setting
“correct” target populations contributes to an improve-
ment in approval probability, and that seems also true
in the realm of orphan drugs.17,27

Conclusion
In conclusion, this research showed that success for
orphan drug development in Japan was associated with
prior approval status in the United States, company
size, orphan drug development experience in Japan, and
patient enrichment; these indicate that orphan drugs
designated in Japan are different from orphan drugs in
the United States due to the drug industry’s strategic
application behaviors in follow-on markets in this age
of global development. A unique local requirement

for “development feasibility” for orphan drug designa-
tion further encourages companies to submit orphan
designation applications for drugs with previous de-
velopment records in preceding countries, and thus
increasing the high likelihood of success. It is necessary
to consider relationships between countries/regions
when discussing regulatory outcomes and performance
of orphan drug promotion systems because it may be
the case that underlying incentives and mechanisms of
development, review, and approval of orphan drugs are
significantly different between jurisdictions.
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