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Objective: This study analyzes the current research landscape and trends in orphan drug development, providing insights for future
advancements in the field.

Methods: Gathering pertinent material from the China National Knowledge Infrastructure (CNKI) and Web of Science databases.
Microsoft Office Excel 2017, VOSview 1.6.20, and CiteSpace 6.3R2 were utilised to summarise the present research state and offer
insights into research hotspots in the domain of orphan drugs.

Results: A total of 3598 research papers were included, with Chinese research showing a continuous upward trend, while international
research has entered a slow development stage. The field of orphan drug research has formed a sizable research team, and cooperation
between international institutions is relatively mature. Meanwhile, the United States and the United Kingdom have strong influence in
this research field, while China lacks international cooperation. The research focus in this field mainly involves the development and
clinical application of orphan drugs, and domestic and foreign research also has its own emphasis. Maintain consistency in clinical
trials and medication support for orphan drugs both domestically and internationally; And foreign research has obvious advantages in
the development of orphan drugs. Keyword emergence research indicates that the clinical accessibility and regulatory approval of
orphan drugs have become a prominent issue of interest both nationally and globally.

Conclusion: This study systematically summarises and examines the current research status and emerging trends in the global orphan
drug sector by analysing relevant literature from 2000 to 2024 through bibliometric methods. It further delineates the similarities and
differences in orphan drug research domestically and internationally, offering valuable references for future investigations in this
domain.
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Introduction

Rare disease refers to a category of diseases characterised by an exceedingly low incidence rate.! The China Rare
Disease Definition Research Report 2021 indicates that diseases with an incidence rate of fewer than one in 10,000
among newborns, a prevalence rate of less than one in 10,000, or a patient population of fewer than 140,000 should be
classified as rare diseases,” and there are reports that diseases exhibited in up to 6-8% of the world’s patient population
should also be included in the category of rare diseases.’ Clarifying the definition of rare diseases has a milestone
positive significance, which not only provides a basis for clinical diagnosis and treatment of rare diseases, but also
greatly promotes the development and updating of related drugs (orphan drugs) or treatment methods. Orphan drugs
are a category of pharmaceuticals utilised for the prevention, treatment, and diagnosis of uncommon diseases, also
referred to as rare medications. Although each rare disease affects a small population, there are over 7000 identified
rare diseases globally, collectively impacting millions of individuals.* According to incomplete statistics, the global

prevalence of rare diseases is around 4.5%, and there are about 20 million patients with rare diseases in China.*> As is
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well known, rare diseases already lack effective treatment methods, and the current supply of orphan drugs for treating
rare diseases is still insufficient,’ which highlights the urgency, necessity, and public welfare of orphan drug research.
In 1983, the US Congress passed the Orphan Drug Act, aimed at incentivizing pharmaceutical companies to develop
orphan drugs specifically for the treatment of rare diseases.”* The act put the United States at the forefront of global
orphan drug development and research, and had epoch-making significance for the treatment of rare diseases and the
development of orphan drugs. In 2000, the European Union introduced the concept of orphan drug designation and
identified medical plausibility, rarity, and medical significant benefit as the three criteria for orphan drug development.’
In 2018, China published the First Catalogue of Rare Diseases,' resulting in a continuous increase in the number of
orphan medications approved and commercialised for the treatment of rare diseases, significantly addressing the
medication needs of most people affected by these conditions. Currently, global policy research, drug discovery,
accessibility analysis, and clinical application regarding orphan pharmaceuticals have been extensively documented.
At present, there are several studies on policy research, medication discovery, accessibility analysis, and clinical
applications concerning orphan pharmaceuticals globally. Recent advancements in technology and methodologies,
including genome sequencing, gene therapy, and pathway regulation, extensively utilized in orphan drug research and
development, may result in several orphan medicines with therapeutic promise being approved for market
introduction.'" Bibliometrics enables systematic quantitative analysis of scientific literature. Such studies can map
global orphan drug research, identifying key findings, focuses, and trends to guide future advancements in the field.
Although bibliometric studies have reported on the current research status and hotspots in the field of orphan drugs,
this research only involves the pharmacovigilance of orphan drugs and cannot fully demonstrate the research status and
achievements in clinical application, drug development, review and approval of orphan drugs.'? Based on this, this
study is intended to use published literature on orphan drugs as a source of data and use bibliometric methods, such as
keyword co-occurrence, clustering, and emergence, to compare the results achieved in the field of orphan drugs around
the globe and to explore the focus of the research in the field of orphan drugs and its trends, with a view to providing

a reference for further research in the field of orphan drugs.

Sources of Data and Methodologies

Literature Retrieval and Inclusion

Web of Science is one of the most comprehensive and widely recognized databases in the world, and due to its
timely literature updates and high professionalism and authority, it has become the most commonly used literature
retrieval database in bibliometric research.'® This study’s Chinese literature was sourced from the China National
Knowledge Infrastructure (CNKI), utilising the keywords “orphan drug” OR “rare drug” OR “rare disease drug”
for subject searches on the advanced search page, with the option for “synonym expansion” selected to guarantee
the comprehensiveness and precision of the included literature. The search scope was “Medical Science and
Technology”, and the search date was 21 June 2024, and the search period was from 2000 to 2024. The results of
the search yielded 830 articles, and 263 Chinese articles were included after excluding non-Chinese articles,
journal catalogues, short reports, and reports with the theme of rare diseases.

The English literature is derived from Web of Science (WOS), employing the search strategy: Topic = “rare drug(s)” OR
“orphan drug(s)” OR “orphan drug design” and other synonyms. The included English literature should meet the following
criteria: (1) The research topic is related to “orphan drugs”; (@) The literature type is “Article” or “Review”; 3) Published
from 2000 to 2024. Exclusion criteria: (1) Literature in languages other than English; (2) Meetings, newspapers, short stories,
and non-medical literature. In addition, the search results based on the Web of Science database can classify papers according
to the publication time, country (region), language category, publishing house, etc. In this study, papers in English but in
Chinese Mainland or Taiwan are classified as Chinese documents. Consequently, 5125 articles were obtained, and 3335
English articles that fulfilled the criteria were eventually included after removing those irrelevant to the issuer.
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Data Processing

According to the literature recognition type of Citespace software, download Chinese data in the “Refworks” format for
literature; Download English data in the “Plain text file” format and select “Full Record and Cited References”. All
literature data will be uniformly named in the “download XX format. Use the built-in “CNKI Format Conversion”
function in CiteSpace 6.3R2 (Advanced version, the same below) to transpose Chinese literature into “converted” format
for analysis; English literature does not require transposition. When conducting keyword co-occurrence analysis, due to
the interference of synonyms or near-synonyms on subsequent research results, this study first unified the synonyms or

near-synonyms that appeared in the literature before keyword analysis. The terms “rare drug”, “orphan drug”, “orphan
drug design”, etc. are all unified as “orphan drug”.

Data Analysis and Observation Metrics

CiteSpace’s built-in “Remove Duplicates” function was used to obtain the number of articles by year, and a scatter plot of
the number of articles by year was plotted with the help of Microsoft Office Excel 2017 tables. As two commonly used
software in bibliometrics, VOSviewer is a Java-based analysis software, as is Citespace. The critical value of the number
of publications by core authors in the field is determined based on Price’s law N = 0.749v/Mmax (Mmax is the highest
output author’s publication volume).'* In this study, VOSviewer 1.6.20 and Citespace 6.3R2 were used to analyze the
authors, institutions, and national collaborations of the Chinese and English literature, and keywords were subjected to
co-occurrence, clustering, and emergence analyses in order to clarify the current status and trends of research in the field
of orphan drugs. Addition to selecting “Author”, “Institution”, “Keyword” and “Burstness” nodes as needed, the rest of
the parameters of the Citespace software were set as follows: according to the time of inclusion of the literature, the Time
Slicing of this study was set to 2000-2024, Years per slice was set to every 1 year, and the Cosine (connection strength),
With Slices (Connection Range) of the subjects were kept as default and its threshold (top N per slice) = 25. In addition,
for keyword co-occurrence, its pruning module selects “Pathfinder” + “Pruning sliced networks”.

In addition, the node size in the co-occurrence graph represents the number of publications, and node centrality
represents the strength of cooperation. The evaluation indicators for clustering results mainly include clustering module
values (modularity, Q) and clustering contour mean values (Silhouette, S), and the evaluation criteria for their credibility
are Q >0.3 and S >0.7."°

Results

Analysis of the Volume of Publications

The number of publications is a visual reflection of the current state of research in a particular field, and in this study, we
counted the literature related to orphan drug research published in CNKI as well as Web of Science since 2000. The
results showed that a total of 3598 articles were retrieved in this field, including 263 Chinese articles, accounting for 7%;
There are 3335 English literature, accounting for 93%, as shown in Figure 1. The trend of publications in the field of
orphan drugs is shown in Figure 2, indicating a continuous upward trend in Chinese publications, with the highest
number of publications in 2023 at 32. The average annual number of publications in English literature is about 136, with
the highest number of publications in 2015 at 266. The trend of publication shows that the English literature in the field
of orphan drug research has roughly gone through two periods starting from 2015. In the past decade, the publication
volume of English literature has sharply declined, and its development has entered a slow period.

Analysis of Author Collaboration

Statistics show that a total of 249 scholars have participated in research in the field of orphan drugs in Chinese literature,
and 50 scholars have published > 3 articles. According to Price’s law, compared to other biomedical fields, these 50
authors have a high concentration. The co-occurrence network is shown in Figure 3. In terms of English literature, a total
of 503 scholars participated in research in the field of orphan drugs, and their co-occurrence network is shown in
Figure 4. The graph consists of 503 nodes and 600 lines, with a graph density of only 0.0048. Chinese literature has the
highest publication volume, with Bo Zhang (13 articles), Xin Liu (12 articles), Shuyang Zhang (8 articles), Shiwei Gong
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Figure 2 Posting trends.

(8 articles), etc., while English literature is represented by Simoens, Steven (14 articles), Antoniu, Sabina (8 articles),
Cassiman, David (7 articles), etc. It can be seen that there is currently no large-scale and influential team of scholars in
the field of orphan drug research at home and abroad, but some research teams have taken shape, indicating that there
may be great potential for the development of orphan drug research.

Analysis of Institutional Cooperation

Statistics show that Chinese literature involves a total of 176 institutions, with the highest number of publications from
institutions such as the International School of Pharmaceutical Business at China Pharmaceutical University (22 articles),
the School of Business Administration at Shenyang Pharmaceutical University (16 articles), China Pharmaceutical
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Figure 3 Collaboration co-occurrence of Chinese authors.
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Figure 5 Collaboration co-occurrence of Chinese institutions.

University (10 articles), and the Department of Pharmacy at Peking Union Medical College Hospital (10 articles). The
co-occurrence visualization is shown in Figure 5. In terms of English literature, a total of 354 institutions have
participated in research in the field of orphan drugs, and their co-occurrence network is shown in Figure 6. The graph
consists of 354 nodes and 562 lines, with a density of 0.0090. The institutions with the highest publication volume in the
WOS database include KU Leuven (28 articles), US Food & Drug Administration (FDA) (25 articles), Utrecht
University (18 articles), University of London (15 articles), etc. It can be seen that there is relatively little cooperation
and exchange between China orphan drug research institutions, while international orphan drug research institutions have
formed mature cooperative relationships, and the exchange of experience and complementary cooperation between
institutions have been strengthened, which is conducive to the development of research in this field.

Analysis of National Cooperation

Analyzing the countries where various researchers are located can help understand the current status and research
popularity of orphan drug research worldwide. Statistics show that scholars in the field of orphan drug research come
from 63 countries (regions) around the world. The co-occurrence network of cooperation among countries is shown in
Figure 7, and the countries with a large number of publications and their centrality are shown in Table 1. It can be seen
that research in the field of orphan drugs is international, and countries have contributed to a certain degree of enthusiasm
in this field, with higher publication volume and centrality in the United States and England; Although People’s R China
has a higher number of publications, its centrality is 0. This suggests that Chinese scholars should further strengthen
international cooperation based on previous research and promote the high-quality development of orphan drug research
in China.

Analysis of Highly Cited and Emergence

The citation count of literature can reflect the overall research status of a certain research field, and highly cited literature
is the knowledge foundation of research in this field; And citation emergence analysis can also identify literature that has
received much attention during a specific time period.'® The highly cited Chinese and English literature in the field of
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Figure 6 Collaboration co-occurrence of English institutions.

orphan drug research are shown in Tables 2 and 3; It can be seen that the content of highly cited literature in China
mainly focuses on the current development status of orphan drugs and a review of comparative studies at home and
abroad; As Zhang S and others have found,'” rare disease patients in China have been plagued by the issue of
accessibility to orphan drugs. Statistics show that about 11% of rare disease treatment drugs in China are not included
in the scope of medical insurance payment. The research content of highly cited English literature mainly tends to focus
on the accessibility of orphan drugs (access OR availability) and the development of orphan drugs (reposition OR
discovery). Meanwhile, the emergence of citations indicates that there has been an increase in the emergence of five
articles, including Access to Orphan Drugs: A Comprehensive Review of Legislations, Regulations and Policies in 35
Countries (Gammie T, 2015, PLOS ONE, V10, PO, DOI), in recent years. These articles with high emergence intensity
mainly explore the medication guarantee of orphan drugs, involving the accessibility, acquisition, and reimbursement of
orphan drugs, as shown in Figure 8. The “strength” value in the figure represents the intensity of attention given to the
literature, and the red interval represents the duration of attention given to the literature. Chan A Y L* and others explored
the implementation policies and reimbursement systems of orphan drugs in many Eurasian countries. The results showed
that since 2013, the number of countries that have established orphan drug policy guarantees has been rapidly increasing.
Countries have also strengthened investment in regulating orphan drug prices, incentivizing market supply, and
encouraging research and development to improve the accessibility of orphan drugs.
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Figure 7 Visualization of national cooperation.

Keyword Co-Occurrence Analysis

As arefined expression and high-level summary of academic research, keyword co-occurrence is a commonly used method in
bibliometrics to reveal the research focus of a field, and high-frequency keywords with high centrality are the most
important.'® After keyword synonymous merging, the Chinese literature involved 287 keywords and appeared a total of
785 times. The English literature involves 608 keywords, appearing a total of 2976 times. Obtain the co-occurrence network
of Chinese and English keywords in the field of orphan drug research using the “Keyword” operation node of CiteSpace
software, as shown in Figures 9 and 10. The size of nodes in the graph is related to the frequency of keyword occurrence. The

Table | Countries with More Posts and Centrality

NO. Country Number of Publications | Centrality
| USA 246 0.21
2 England 101 0.19
3 Netherlands 63 0.17
4 Belgium 39 0.09
5 Italy 35 0.09
6 Germany 34 0.02
7 Canada 32 0.07
8 People’s R China 30 0
9 France 28 0.10
10 Poland 22 0.07
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Table 2 High Cited Chinese Articles

NO. Title Journal Times
Cited
| Research on the Current Status of Rare Disease and Orphan Drug Management in the Chinese Journal of Pharmacy 40

European Union
2 Research on the Current Status of Rare Disease Medication in China Beijing Medical 33
The current status and proposed solutions for the accessibility of rare disease drugs in China China Food and Drug 31
Administration

Comparative Analysis of the Development Status of Rare Disease Drug Policies Abroad Health Soft Science 30

Current situation of orphan drugs in China and comparative analysis with foreign countries | Chinese Journal of Pharmacy 30

The 30-year history of the Orphan Drug Act in the United States and the improvement of Chinese Journal of New 26
China’s new drug innovation system Drugs

7 Comparative Study of Orphan Drug Management Systems Abroad and Policy Suggestions for Chinese Journal of New 25
China Drugs

8 Review of Rare Disease Medication Guarantee Models at Home and Abroad Research on China’s Health 25
Policy

9 Characteristics of Rare Disease Drug Policy and Pharmacoeconomic Research International Journal of 24

Pharmaceutical Research
10 Comparative Study of Orphan Drug Registration Systems at Home and Abroad Chinese Journal of Pharmacy 23

Table 3 High Cited English Articles

NO. Title Journal Times
Cited
| The PPARs: From orphan receptors to drug discovery Journal of Medicinal Chemistry 2247
2 Mitaplatin, a potent fusion of cisplatin and the orphan drug dichloroacetate Proceedings of the National Academy 422
of Sciences
3 Assessing the economic challenges posed by orphan drugs International journal of technology 355

assessment in health care

Pricing and reimbursement of orphan drugs: the need for more transparency Orphanet journal of rare diseases 322

5 Access to Orphan Drugs: A Comprehensive Review of Legislations, Regulations Plos One 291
and Policies in 35 Countries

6 Orphan drugs and the NHS: should we value rarity? BM]J (Clinical Research ed.) 288

Dichloroacetate and cancer: New home for an orphan drug? Biochimica et Biophysica Acta (BBA)- 279

Reviews on Cancer

8 Drugs for exceptionally rare diseases: do they deserve special status for funding? QJM: An International Journal of 270
Medicine

9 Drug repositioning for orphan diseases Briefings in bioinformatics 265

10 Orphan drugs and rare diseases: a scientometric review (2000-2014) Expert Opinion on Orphan Drugs 213

Chinese keyword co-occurrence network consists of 287 nodes and 536 lines, with a graph density of 0.0131. The co-
occurrence network of English keywords consists of 608 nodes and 1531 connections, with a graph density of 0.0083. The
frequency and centrality of keywords are key indicators for measuring their importance, with higher frequency indicating
higher research attention; Centrality>0.1 indicates that it is in a central position in the co-occurrence network.'® In this study,
the frequency and centrality of keywords such as orphan drugs, rare diseases, drug development, accessibility, health
technology assessment, clinical trials, and drug development were relatively high, forming a co-occurrence network centered
around them. These keywords mainly involve the research and clinical application of orphan drugs, as shown in Table 4.

Keyword Emergence Analysis
Emergent words refer to the phenomenon of a sharp increase in keywords during a specific period of time, which reflects
the degree of attention given to keywords during this period and also reveals the research evolution and hotspots in this
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Top 20 References with the Strongest Citation Bursts

References Strength  Begin End
Hughes DA, 2005, QIM-INT J MED, V98, P829 sEs 2006 2013
Dear JW, 2006, BRIT ] CLIN PHARMACO, V62, P264 708 2008 2013
Haffher ME, 2006, NEW ENGL J MED, V354, P445 606 2008 2013
Drummond MF, 2007, INT J TECHNOL ASSESS, V23, P36 I0H2™ 2009 2015
McCabe C, 2005, BRIT MED J, V331, P1016 | 6.84 2009 2013
Schieppati A, 2008, LANCET, V371, P2039 | 6.69 2010 2016
JoppiR, 2009, BRIT J CLIN PHARMACO, V67, P494 658 2010 2014
Tambuyzer E, 2010, NAT REV DRUG DISCOV, V9, P921 642 2011 2017
Braun MM, 2010, NAT REV DRUG DISCOV, V9, P519 605 2011 2017
Simoens S, 2011, ORPHANET J RARE DIS, V6, PO R 2012 2019
Schey C, 2011, ORPHANET J RARE DIS, V6, P0 . 6.82 2012 2019
Hughes-Wilson W, 2012, ORPHANET J RARE DIS, V7, P0 6158 2013 2020
Meekings KN, 2012, DRUG DISCOV TODAY, V17, P660 6114 2013 2019
Sussex J, 2013, VALUE HEALTH, V16, P1163 s 2014 2019
Franco P, 2013, DRUG DISCOV TODAY, V18,P163 ~ WERZN 2016 2020
Gammie T, 2015, PLOS ONE, V10, P0 866" 2017 2024
Zamora B, 2019, ORPHANET J RARE DIS, V14, PO | 744 2020 2024
Czech M, 2020, FRONT PUBLIC HEALTH, V7, PO . 6.85 2021 2024
Miller KL, 2021, ORPHANET J RARE DIS, V16, PO g5 2022 2024
Chan AYL, 2020, VALUE HEALTH, V23, P1580 .58 2022 2024
Figure 8 English literature emergence.
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Figure 9 Co-occurrence network of Chinese keywords.

field. Using the “Burstness” function of CiteSpace software to obtain prominent keywords in the field of orphan drugs, as

shown in Figures 11 and 12. “Strength” in the figures represents mutation intensity, and the red area indicates that the

keywords emerged during this period, making it a research hotspot. In terms of Chinese literature, keywords with high

mutation intensity such as medication guarantee (2022-2024, 2.53), management system (2002-2013, 2.08), incentive
policies (2015-2019, 1.81), drug policies (2015-2019, 1.81), clinical trials (2018-2024, 1.75), affordability (2021-2024,
1.72), accessibility (20202024, 1.48), and research and development status (2012-2015, 1.38) suggest that the research
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Figure 10 Co-occurrence network of English keywords.

and development of orphan drugs in China has undergone a transformation from policy research and data management to
clinical trials and medication guarantee. In terms of English literature, prominent keywords such as clinical trials
(2009-2011, 2.95), pregnancy x receptor (2001-2010, 2.7), drug discovery (2003-2008, 1.93), and molecular cloning
(2004-2012, 1.51) from 2000 to 2015 suggest that during this period, international research in this field mainly focused
on the discovery of orphan drugs. In recent years, research in the field of orphan drugs has focused on ensuring the use of
orphan drugs, with relevant emerging terms including reimbursement (2015-2020, 4.41), availability (2017-2020, 2.83),
coverage (2020-2022, 2.74), cost (2020-2024, 2.67), access (2022-2024, 2.51), etc.

Table 4 Frequency and Centrality of Keywords

Chinese literature English literature
NO. Keyword Frequency Centrality NO. Keyword Frequency Centrality
[ Orphan drug 165 0.97 | Orphan drug 861 0.29
2 Rare disease 162 0.10 2 Rare disease 743 0.07
3 Drug development 19 0.12 3 Accessibility 234 0.11
4 Accessibility 15 0.07 4 Drugs 164 0.03
5 Clinical trials 12 0.10 5 Health technology assessment 124 0.06
6 Medication guarantee 8 0.17 6 Challenges 113 0.25
7 Drug policy 7 0.10 7 Clinical trials 96 0.15
8 America 7 0.02 8 Drug development 88 0.11
9 Incentive policies 7 0.03 9 Budget impact 80 0.09
10 Qualification recognition 7 0.0l 10 Reimbursement 64 0.0l
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Top 14 Keywords with the Strongest Citation Bursts

Keywords Strength Begin End 2000 - 2024

Europe 7 2011 2012 S e —————
management system  TEIIEE 2002 2013 oo o o o e B e e
data protection 3 2011 2014 [ ——
research and L 138 2012 2015 e ——

America BBs 2013 2018 e

incentive policies IS 2015 2019 . -
dmg policies - 2015 2019 . el
Gaucher's disease [lE4 2017 2019 R
England s 2018 2020 ———— e

qualification recognition [ll28 2020 2021
clinical trials BE 2018 2024

accessibility s 2020 2024 [——
affordability R 2021 2024 —
medication guarantee [NBISENN 2022 2024 R ———

Figure Il Emergence keywords of Chinese articles.

Top 18 Keywords with the Strongest Citation Bursts

Keywords Strength Begin End 2000 - 2024
gene-expression 132 2001 2003 . s s 0 e s s s e e s e s e e e e e e s
drug discovery 193 2003 2008 e
molecular-cloning 1.51 2004 2012 A —
ligand binding domain 1.81 2006 2010 e T T
pregnane X receptor 2.7 2001 2010 . s o o s s s 0 0 S e e e s e e e e s
clinical trials 295 2009 2011 S —
budget impact 35 2014 2017 . SEeEs—--
strategy 237 2017 2018 e ——
policy 199 2017 2018 e —
management 2.03 2016 2019 S —
orphan medicinal product 232 2017 2019 e m——
multi-criteria decision analysis 232 2017 2019 R —
reimbursement 441 2015 2020 O . s s e
availability 2.83 2017 2020 S —
approval 2.08 2018 2021 ————
coverage 2.74 2020 2022 e ——
cost 267 2020 202 o e e e e o e s e s e S e e o I I — —

access 251 2022 2024

Figure 12 Emergence keywords of English articles.

Keyword Clustering Analysis

Cluster analysis is based on keyword co-occurrence to classify keywords that are closely related. Perform K-means clustering
analysis on keywords using CiteSpace’s log - likelihood rate (LLR) method, and present the clustering results of Chinese and
English literature, as shown in Figures 13 and 14. The results showed that Chinese literature obtained 10 (#0 - #9) clusters,
with cluster Q = 0.6270 and S = 0.7579. The English literature obtained 9 clusters (#0 - #8), with cluster Q = 0.7681 and S =
0.9158. This indicates that the clustering results obtained are highly homogeneous and closely related, and the clustering is
reasonable. Using “Landscape” to display the temporal continuity of the research directions represented by each clustering
result, as shown in Figures 15 and 16. The LLR label words are explanations for the clustering results, it can be seen that in
terms of Chinese literature, the research directions represented by clusters such as treatment (# 0), orphan drugs (# 1), and
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Figure 13 Clustering results of Chinese keywords.

accessibility (# 3) are guaranteed in terms of temporal continuity, making them relatively stable research directions in the
field of orphan drugs; In terms of English literature, research directions represented by clusters such as rare diseases (# 0),
drug discovery (# 1), orphan drug designation (# 2), and clinical trials (# 4) are relatively stable. The clustering results and
their label definitions are shown in Tables 5 and 6. Combining the clustering label words based on LLR algorithm, it can be
seen that there is consistency in the research of Chinese and English literature, such as both focusing on clinical trials and
medication guarantee of orphan drugs. Chinese literature related clustering includes treatment (# 0), clinical trials (# 2),
accessibility (# 3), Gaucher’s disease (# 6), and medication guarantee (# 8); English literature related clustering includes rare
diseases (# 0), clinical trials (# 4), act (# 5), etc; The Chinese literature clustering labels related to it involve budget impact
analysis, supply guarantee, coverage, medical insurance, special approval, registration characteristics, accessibility, priority
drugs, and heavyweight drugs; The clustering labels for English literature involve reimbursement, availability, priority
review vouchers, drug approval, clinical trials, etc. At the same time, research on both Chinese and English literature has its
own focus. For example, Chinese literature is particularly prominent in orphan drug research policies, and related clusters
include policy (# 4), excitation mechanism (# 5), Japan (# 7), and Britain (# 9); Related tag words include international
comparison, strategy research, optimal strategy, incentive, incentive measures, research and development incentives, etc.
English literature has demonstrated advantages in the development of orphan drugs, involving clustering drug discovery
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Figure 14 Clustering results of English keywords.

(# 1), pregnane x receptor (# 3), and marin compound (# 7), among others; Cluster label words include pharmaceutical
industry, agonists, protein-coupled receptors, drug development, investment, pregnane X receptor, etc.

Discussion
This study employs bibliometric analysis of pertinent research literature on orphan pharmaceuticals from 2000 to 2024,
examining and summarising publishing trends, author institutions, national collaboration, and the co-occurrence and
emergence of keywords. In recent years, the number of orphan drug research in China has been gradually increasing, but
despite this, this research field is still the most reported by foreign research. The research in this domain encompasses
various facets, including accessibility, clinical application, orphan drug development, and the assurance of orphan drug
medication. Domestic and international studies exhibit distinct research orientations, with their respective findings
offering substantive references for orphan drug development.

Data indicate that 3598 eligible papers were incorporated in the domain of orphan drug research, with English
literature comprising 93% of the total. The research accomplishments in the domain of orphan pharmaceuticals are
notably prolific, with associated academic studies continually emerging. As of October 2022, research by Shijun Luo et al
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Figure 15 The overview of Chinese clustering.

revealed that China had 194 orphan medications available, encompassing 219 dosage forms, of which 165 were included
in the national basic medical insurance catalogue.”® Recent statistics®' reveal that the FDA requires 244 days to evaluate
marketing applications for new orphan pharmaceuticals, but the clinical development duration for these treatments is
roughly 7.2 years. Currently, the trend in published articles indicates a general increase in research on orphan
pharmaceuticals in China; the average annual number of publications in the international orphan drug domain is
approximately 136. Compared with other biomedical fields (such as tumors and cardiovascular diseases), the number
of clinical trials and published papers related to orphan drugs shows a low publication rate.”? Although academic
achievements in the field of orphan drugs are relatively limited within the scope of biomedicine, research related to
orphan drugs has certain academic value and clinical significance. The current decline in academic reports in the field of
orphan drugs abroad may be the result of multiple factors such as policies, markets, and technology. Due to difficulties in
recruiting rare disease patients and strong heterogeneity, this will to some extent lead to difficulties in standardizing
clinical trial data related to orphan drug development and insufficient sample size.”> Meanwhile, technologies related to
orphan drug development, such as gene therapy and viral vector delivery, also face challenges such as immune rejection
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and off target effects.® In addition, with the strengthening of patent protection and data confidentiality awareness,

relevant research institutions or enterprises are more inclined to disclose their results through patent protection rather

than academic papers. Future policy makers need to balance incentive measures and payment pressures, while the

Table 5 Clustering Results of Chinese Articles

Cluster Nodes Contour Cluster Labels Cluster Label Words (LLR)

ID Value

#0 67 0.989 Treatment Rare disease drugs, budget impact analysis, coverage, medical insurance, rare diseases, clinical trials

#l 57 0.945 Orphan drugs Drug management, innovative drugs, special approvals, payment thresholds

#2 44 0.961 Clinical trials China, foreign countries, registration characteristics, priority drugs, heavyweight drugs

#3 26 0.895 Accessibility Accessibility, influencing factors, international comparison, strategy research, supply guarantee

#4 24 0.932 Policy Dynamic game theory, supply, optimal strategy, incentives

#5 23 0.920 Excitation United States, incentive policies, research and development incentives, priority review system
mechanism

#6 13 0.984 Gaucher’s disease Zhejiang, guarantee, Shanghai, drugs

#7 13 0.969 Japan Data protection, incentive measures, institutional evaluation, mechanism of action

#8 12 0.939 Medication Cross border - empowerment, market failure, healthy China, drug payment, medical insurance
guarantee reimbursement

#9 10 0915 Britain Price negotiation, Belgium, admission mechanism, medical insurance admission
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Table 6 Clustering Results of English Articles

Cluster ID Nodes | Contour Cluster Labels Cluster Label Words (LLR)
Value
#0 91 0.820 Rare diseases Cost of health care, reimbursement, availability, pharmaceutical industry, orphan
medicinal products
#1 63 0.970 Drug discovery Central nervous system, agonists, gpr88, neurotherapeutics, protein-coupled
receptors
#2 58 0917 Orphan drug Antiepileptic drugs, European medicines agency, gene therapy, priority review
designation vouchers, orphan drug exclusivity
#3 53 0.972 Pregnane Pregnane x receptor, peroxisome proliferator, fret assay, orphan nuclear receptor
X receptor
#4 44 0.858 Clinical trials Drug development, drug approval, artificial intelligence, external collaboration,
investment
#5 30 0.902 Act Projections, drug administration, sub-saharan Africa, investors
#6 24 0.902 Drug Combination therapy, public sector, cancer drugs, accelerated approval, clinical trial,
repurposing targeted therapy
#7 23 0.941 Marin compound Expert opinion, beta thalassemia, al amyloidosis
#8 18 0.973 Biotherapy Antifungal agents, anti-cd20 agent, antifungal treatment, infliximab, hematopoietic
growth factor, autoimmune disease

academic community needs to adapt to the dissemination mode of new research results to promote knowledge sharing
and innovative breakthroughs in the field of orphan drugs.

The findings reveal that the research focus of highly cited Chinese literature predominantly pertains to the develop-
ment status of orphan pharmaceuticals and comparative studies both domestically and internationally, with notable

scholars including Bo Zhang, Xin Liu, Shuyang Zhang, and Shiwei Gong. Xin Liu et al*’

examined the global
application status of orphan pharmaceuticals and discovered that 51.85% of orphan drugs available in China were solely
dependent on imports. It can be seen that there is still a certain gap between China and developed countries around the
world (such as the United States, the European Union, and Japan) in the research and development of orphan drugs. The
main reasons include difficulties in diagnosing rare diseases, limited clinical research, lack of resources for single disease
patients, and difficulties in conducting clinical trials for children.’® The research on extensively referenced English
literature centres on the accessibility and advancement of orphan pharmaceuticals, with notable scholars including
Simoens Steven, Antoniu Sabina, Cassiman David, and others, who have several publications. The research and
development of orphan drugs is more specialised and challenging than that of other pharmaceuticals due to the
exceedingly low incidence rate of rare diseases, the substantial expense of clinical trials, the limited target market, the
complexities of implementing randomised controlled studies, the geographical distribution of patients, and other
contributing factors.” Analyzing the collaboration between authors and institutions in this field can roughly describe
the overall status of global orphan drug research, which can help relevant researchers adjust their research strategies in
a timely manner and allocate resources reasonably, such as mature author collaboration relationships, complete institu-
tional cooperation and communication, etc. This can further promote the development of orphan drug research to deeper
and broader levels. On the other hand, scholars in the field of orphan drug research currently come from 63 countries and
regions around the world, indicating that there is a trend towards international cooperation in the research of orphan
drugs. It is worth noting that although China’s achievements in the field of orphan drugs are commendable, its
international cooperation still needs to be strengthened.

The reasons for the lack of international cooperation in China are multifaceted. Firstly, there are significant
differences in the definition of rare diseases and orphan drug policies among countries around the world, including
China. These differences will require Chinese pharmaceutical companies to adapt to different regulatory frameworks in
cross-border cooperation, and increase coordination costs and complexity.?* At the same time, the development of orphan
drugs relies heavily on cutting-edge technologies such as gene editing and monoclonal antibodies, and there is still
a significant gap between China and developed countries such as Europe and America in these areas; In addition, the
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inherent characteristics of small market size and high research and development costs of orphan drugs have also reduced
the enthusiasm of Chinese drug research and development enterprises or institutions for orphan drug cooperation or
research.”’ These factors have made the development and use of orphan drugs in China difficult. Liu J et al*® pointed out
that in sharp contrast to the approval of orphan drugs in the United States, the average approval delay for orphan drugs in
China is 5.9 + 6.07 years, and the clinical supply rate is also less than 30%. Therefore, in future orphan drug research,
China should focus on aligning with international standards, simplifying the approval process for cross-border orphan
drug clinical trials, strengthening technical cooperation, and seeking diversified funding support and cooperation models
to promote the in-depth development of domestic research in this field.

The co-occurrence results show that keywords with high frequency and centrality mainly involve the development
and clinical application of orphan drugs, and related keywords include orphan drugs, rare diseases, drug development,
accessibility, health technology assessment, clinical trials, drug development, etc. As drugs for diagnosing, treating, or
preventing rare diseases, orphan drugs have characteristics that distinguish them from other common drugs, such as high
research and development costs, long cycles, and low market demand. This leads to challenges in the treatment of rare
diseases, as investigations”® have found that although the Japanese government has already introduced relevant measures
to encourage the development of drugs for rare disease treatment, the supply of orphan drugs for difficult to treat or rare
diseases in Japan is still plagued by the phenomenon of “drug lag”. Cluster Q and S values indicate that the clustering
results based on keywords are reliable, and the research directions represented by each cluster suggest that there is global
consistency in orphan drug clinical trials and medication assurance. Chinese literature related clusters include treatment
(# 0), clinical trials (# 2), accessibility (# 3), Gaucher’s disease (# 6), and medication guarantee (# 8); English literature
related clustering includes rare diseases (# 0), clinical trials (# 4), drug repurposing (# 5), etc. The enactment of the
Orphan Drug Act in the United States injected momentum into the treatment of rare diseases and the research of orphan
drugs, and also provided guarantees for the medication of related patients.’® At present, clinical trials of rare disease
drugs still have shortcomings such as small scale and low quality of evidence.’' However, in 2018, the FDA approved 34
new orphan drugs, which was the first time in history that orphan drugs accounted for more than half of new drug
approvals since the enactment of the Orphan Drug Act>* At the same time, relevant clustering suggests that Chinese
research is more prominent in orphan drug policies; International research has shown strong advantages in the devel-

k,*-** and incentive measures

opment of orphan drugs. The development of orphan drugs is full of uncertainty and ris
from regulatory agencies have removed obstacles to the development of orphan drugs; In the meantime, some new
research and development strategies, such as protein replacement therapy, monoclonal antibodies, antisense oligonucleo-
tides, etc,®> will greatly accelerate the development process of related orphan drugs. It can be seen that the research scope
in this field is relatively broad and comprehensive, covering various dimensions of orphan drugs from research and
development to clinical practice.

Research has found that current global research hotspots in this field are focused on ensuring the use of orphan drugs;
At the same time, research in the global orphan drug field also has its own focus while maintaining consistency. In the
early stages of research, international studies in this field mainly focused on the discovery of orphan drugs, while China
mainly focused on policy research and accessibility of orphan drugs, with less involvement in the development and
discovery of orphan drugs; It can be seen that the research and development of orphan drugs in China has seriously
lagged behind developed countries such as Europe and America. Fang Zhongjian and others®® found that the use of
orphan drugs in China mainly relies on imports and generic drugs, and the research and development of orphan drugs is
still in its early stages. With the increasing awareness of the urgency and necessity of orphan drug research and
development, China has issued measures such as the Technical Guidelines for Clinical Research and Development of
Rare Disease Drugs and the Statistical Guidelines for Clinical Research of Rare Disease Drugs (Trial), and introduced
corresponding incentive policies and increased investment in technology funds to encourage the research and develop-
ment of innovative drugs for children, innovative drugs for the treatment of rare diseases (orphan drugs), and innovative
drugs included in breakthrough treatment drug programs. The approval time for innovative drugs, including orphan
drugs, has been shortened to accelerate their listing speed. China has established a supportive environment for orphan
drug research and development. It is believed that with the support of national policies and increased investment, the
research and development of orphan drugs in China will enter a new stage.
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In addition, there are also some shortcomings in this study, such as the fact that some orphan drugs only appear in the
title of the article under the trade name or generic name during literature search, and the search terms specified in the
search equation such as “orphan drug” or “orphan drug” do not appear. This may result in the omission of relevant
literature during the inclusion of literature search in this study, which may lead to some bias in the analysis results.

Conclusion

This study examines the present research landscape in the global orphan drug sector through bibliometric analysis,
highlighting both consistencies and disparities in worldwide orphan drug research. At present, the focus of global
research is on ensuring the accessibility of orphan drugs, while the development of orphan drugs in China is still
underdeveloped. We should address this issue by clarifying clinical diagnosis, improving information networks, devel-
oping medical technology innovation, encouraging drug research and development, and balancing drug prices, in order to
accelerate orphan drug innovation and benefit rare disease patients worldwide.
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