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ARTICLE INFO ABSTRACTS

Keywords: Background and objective: Biologics have revolutionized the management of plaque psoriasis and
Plaque psoriasis are flourishing. We aimed to construct a knowledge structure in this field through bibliometrics,
Biologics

analyze research trends and cutting-edge hotspots to inspire future research directions, and
provide valuable references for clinical decisions.

Methods: Publications on biologics for plaque psoriasis in the Web of Science database core
collection from 2004 to 2023 were searched. Bibliometric analysis and scientific knowledge
mapping were performed with R, CiteSpace, and VOSviewer software.

Results: 2,672 articles written by 9,474 authors from 67 countries were included in the study. The
number of annual publications has steadily increased over the last 20 years. The most prolific
countries, institutions, and authors were the United States, Novartis, and Prof. Reick K., respec-
tively. Reference analysis categorized the research base of the field into 10 main clusters. "Effi-
cacy" and "safety" were the most frequent keywords, and cluster analysis categorized the research
in this area into four groups. Burst detection captured current hot keywords including interleukin
(IL)-17 inhibitors, IL-23 inhibitors, "drug survival," "discontinuation," "Covid-19," "real-world,"
and "clinical features."

Conclusion: Global publications on biologics research in plaque psoriasis have grown steadily and
rapidly over the past two decades. Efficacy and safety are the highest topics of concern for re-
searchers, and IL-17 inhibitors, IL-23 inhibitors, real-world studies, efficacy prediction, and
retreatment after biologics failure or discontinuation are current research hotspots.

Bibliometrics
Visualization analysis
Research hotspots

1. Introduction

Psoriasis is a chronic, inflammatory, systemic disease characterized by erythematous scales that affects 0.51%-11.43 % of adults
and 0%-1.37 % of children worldwide, with the prevalence increasing year by year [1-3]. The disfiguring outward appearance of
psoriasis places a heavy psychological burden on patients, with 21%-34 % suffering from anxiety, 28 % from alexithymia, and 12.7 %
reporting suicidal ideation [4-7]. In addition, systemic inflammation and immune disorders often lead to multisystem co-morbidities
such as psoriatic arthritis, cardiovascular disease, and metabolic syndrome, which seriously jeopardize patients’ health and shorten

* Corresponding author.
** Corresponding author.
E-mail addresses: hs18811385377@126.com (X. Duan), 318017997 @qq.com (Y. Bai).

https://doi.org/10.1016/j.heliyon.2024.e35446

Received 23 April 2024; Received in revised form 29 July 2024; Accepted 29 July 2024

Available online 30 July 2024

2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).


mailto:hs18811385377@126.com
mailto:318017997@qq.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e35446
https://doi.org/10.1016/j.heliyon.2024.e35446
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2024.e35446&domain=pdf
https://doi.org/10.1016/j.heliyon.2024.e35446
http://creativecommons.org/licenses/by-nc/4.0/

S. Huang et al. Heliyon 10 (2024) e35446

their life expectancy [8,9].

Chronic activation of the innate and adaptive immune systems is involved in psoriasis, leading to increased release of pro-
inflammatory factors such as tumor necrosis factor-alpha (TNF-a), interleukin (IL)-17, IL-12, and IL-23 [10]. These
pro-inflammatory factors stimulate aberrant proliferation of keratinocytes, promote increased release of vascular endothelial growth
factor, and attract circulating inflammatory cells, forming the basis of the pathology of plaque psoriasis [10]. In recent years, growing
knowledge of pathogenesis and refinements in biologics technology have catalyzed therapeutic innovations. More than a dozen bi-
ologics such as targeted TNF-alpha inhibitors (Etanercept, Infliximab, and Adalimumab, Certolizumab), IL-12/IL-23p40 inhibitors
(Ustekinumab), IL-17 inhibitors (Secukinumab, Ixekizumab, and Brodalumab), and IL-23p12 inhibitors (Guselkizumab, Til-
drakizumab, and Risankizumab) have been successively applied in plaque psoriasis [11,12].

Although biologics have only been approved for plaque psoriasis for two decades, remarkable advancements have been made in the
field. Scholars have conducted numerous studies, and extensive articles have been published. However, the proliferation of literature
poses a challenge for researchers seeking to quickly and accurately grasp the latest developments in the field.

Bibliometrics is a discipline that describes, analyzes, and predicts the general situation, hotspots, and trends in a field based on
publication information using mathematics, applied statistics, and visualization techniques [13,14]. In contrast to expert reviews,
systematic reviews, and meta-analyses that focus on a particular aspect, bibliometrics tends to provide a comprehensive and visual
presentation of the knowledge structure of the field, such as global trends in research, contribution levels of countries, institutions, and
authors, the development of the discipline, and current hot frontiers. However, to the best of our knowledge, there are no bibliometric
studies on biologics for plaque psoriasis to date. To fill this gap, we conducted a bibliometric study in this field using Bibliometrix
R-package, VOSviewer, and CiteSpace, which described the global trends, core journals, contributions of countries, institutions, and
authors, and explored cutting-edge hotspots. This study aimed to provide clinicians and researchers with accurate and comprehensive
information in this field, inspire future research directions, and provide a valuable reference for clinical decisions.

2. Methods
2.1. Data sources and search strategies

We searched the Web of Science Core Collection (WOSCC) database on January 14, 2024, for relevant literature in the field of
biologics research in plaque psoriasis. Search strategy: TS = ("biological agents" OR "biologics" OR "Infliximab" OR "Etanercept" OR
"Adalimumab" OR "Certolizumab" OR "Ustekinumab" OR "Secukinumab" OR "Brodalumab" OR "Ixekizumab" OR "Tildrakizumab" OR
"Guselkumab" OR "Brazikumab" OR "Mirikizumab" OR "Itolizumab" OR "Alefacept" OR "Risankizumab" OR "Certolizumab" OR "Efa-
lizumab") AND TS=("psoriasis"). The language of publication is limited to English, the type is limited to article, and the publication
period is set from January 1, 2004, to December 31, 2023. Initially, 5,304 documents were retrieved. To ensure the relevance of the
publications to the research topic, two researchers independently evaluated the articles based on their titles and abstracts. Duplicate
articles were eliminated using Citespace, resulting in a total of 2,672 documents.

Search for literature from the WOSCC
according to the search strategy(N=5,304)

| > 2,632 articles were excluded because they
* were not relevant to the research topic.

Literature related to the research topic
filtered by title and abstract(N=2,672)
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0 articles were excluded due to duplication.
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Fig. 1. Literature search, screening, and analysis process.
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2.2. Data analysis and visualization

For data analysis and visualization, the Bibliometrix R-package, Citespace (5.7.R3), and VOSviewer (V.1.6.18) were utilized. The
Bibliometrix R-package [15] is a bibliometric analysis tool that relies on the R language. In this study, it was used to summarize the
number of annual publications and to conduct performance analysis of countries, institutions, and authors. VOSviewer [16], a software
for visualizing knowledge graphs based on collaborative or co-occurrence data, was used to construct collaborative networks of
countries, institutions, and authors, as well as keyword co-occurrence networks. Citesspace [17], a bibliometrics software, was used for
reference co-citation analysis and keyword burst detection to identify trends in research areas and emerging hotspots. The parame-
terization of the software is described in the Supplementary Material. Fig. 1 Fig. 1 illustrates the process of literature search, screening,
and analysis.

The visualization network in this study mainly consists of nodes and lines. The size of the nodes indicates the number of publi-
cations, while the connecting lines between nodes represent collaborations or co-occurrences in the same article. In burst detection, red
line segments were used to indicate periods of high frequency. Betweenness centrality (BC) [18] is an index used to quantify a node’s
centrality in the relationship mapping, identifying nodes that serve as important bridges or mediators. Larger values indicate a stronger
intermediary role, and a node with BC > 0.1 is generally considered an important hub. Modularity Q and Mean Silhouette are
employed for the quality evaluation of clustering results in Citespace [19]. Generally, S > 0.5 means the clustering structure is
reasonable, S > 0.7 means the clustering result is convincing, Q > 0.3 means the clustering structure is significant, and a Q value closer
to 1 indicates a stronger clustering structure [19].

3. Results
3.1. Global trends in annual publications

A total of 2672 articles on biologics for plaque psoriasis were identified. Fig. 2 illustrates the trend of annual publications. The
number of annual publications has been increasing steadily over the past 20 years, with an average annual growth rate of 14.07 %.
Notably, there has been an explosive growth in publications since 2020. Plotting the trend line for annual publications yielded R% =
0.9298, indicating a strong upward trend in publications in the future. These findings collectively demonstrate the increasing interest
in the field of psoriasis biologics research, which is expected to continue to grow in the future.

3.2. Core journals analysis

The included articles were published in 329 journals that cover a wide range of disciplines, such as dermatology, immunology, and
integrative medicine. Fig. 3 displays the 10 most productive journals in the field and identifies five of them as core journals according
to Bradford’s Law. These core journals are the British Journal of Dermatology (246), Journal of Dermatological Treatment (227), Journal of
the European Academy of Dermatology and Venereology (201), Dermatologic Therapy (153), and Journal of the American Academy of
Dermatology (134). The H-index is a mixed quantitative metric based on the number of papers by a researcher/journal and the times
their papers are cited, which is used to assess the quantity and level of scholarly output of a researcher [20]. As measured by the
H-index, the most influential journal in the field is the British Journal of Dermatology (66), followed by the Journal of the American
Academy of Dermatology (53) and the Journal of the European Academy of Dermatology and Venereology (42).

3.3. Cooperation network

3.3.1. Country/region cooperation network
Fig. 4a illustrates the scientific production of countries, with the shade of the color reflecting the amount of national scientific
production. 67 countries contribute to the development of knowledge in this field, with the United States being the most productive

350

300 A R?=0.9298

250 o

200 1

Publications

2013 —
2014 —

2015 —

2016 j—

2001 —

150 o

100 -

50 9 e I“.I..

ool

[Ta} ~ 1
[=] B !
o I 5
o~ Q 5

2008 —
2009 j—
2010 —
2011 —
2012 j—

2006
2022
2023

Fig. 2. Annual publications on biologics for plaque psoriasis from 2004 to 2023.
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country (672), followed by Italy (370) and China (183). Publications from the United States also received the most frequent citations
(33,114), followed by Canada (9,060) and Germany (7,941). It is obvious that the United States is the most influential country in the
field, contributing a large number of high-quality articles to the discipline. Fig. 4b illustrates the productivity of the corresponding
author’s country, where Multi-Country Publication (MCP) represents the number of articles co-authored with other countries,
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suggesting the intensity of international cooperation, while Single Country Publication (SCP) represents the number of articles whose
co-authors are from the same country. The international co-authorship rate of publications is 28.59 %, with the United States
exhibiting the most frequent international collaborations, while those of Italy and China need to be strengthened. Fig. 4c shows the
international collaborations of 34 countries with >10 cumulative publications utilizing VOSviewer. Clustered by color distinction, the
results show that six major research collaboration groups are currently formed centered in the United States, Italy, the United
Kingdom, Spain, China, and Switzerland.

3.3.2. Institution and author collaboration network

Fig. 5 illustrates the research institutions and authors in the field, with a total of 9,474 authors from 2,079 institutions publishing
articles in this field. Fig. 5a shows the top 10 institutions with the largest number of publications. Novartis is the most prolific
institution, with 215 cumulative publications over 20 years, followed by Johnson & Johnson (205) and Manchester University (145).
Fig. 5b displays a visualization of inter-institutional collaborations. Pharmaceutical companies such as Novartis and Johnson &
Johnson have led numerous international multi-institutional collaborative studies. However, the regional barriers to institutional
collaboration have not yet been fully dismantled, and the collaboration network is clearly geographically defined.

Fig. 5c displays the top 10 most productive authors. The most prolific author is Prof. Reick K. from Germany, who has published 134
relevant articles and is the most influential scholar in the field, with an h-index of 52. According to formula N = 0.749 x \/ Nmax for
core authors’ publications, we identified 426 core authors with more than 8 articles, and the visual mapping of author collaboration is
shown in Fig. 5d. The results show that the core authors worked closely, and 11 major collaborative groups were initially formed.

3.4. Reference analysis

References play a crucial role in research as they form the knowledge base of a discipline. Analyzing cited references can reveal the
knowledge structure, trace the evolutionary process, and highlight research hotspots. A total of 29,310 references were cited in 2,672
publications, and CiteSpace was used to analyze the co-citation of references and calculate BC. Fig. 6a illustrates the co-citation of
references. The color of the nodes in the graph represents the year in which they were cited. Purple nodes indicate early references,
while yellow nodes represent more recent references. Nodes with BC > 0.1 are marked with pink circles.

The most-cited reference in the field was published by Prof. Langley RG in 2014 in The New England Journal of Medicine, with a
cumulative total of 304 citations in the field [21]. This paper synthesizes the results of two large phase 3 clinical trials reporting the
efficacy of Secukinumab for moderate-to-severe plaque psoriasis [21]. The trials demonstrated that the psoriasis area and severity
index (PASI) remission rate in the Secukinumab 300 mg group was superior to that of the 150 mg group and significantly better than
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that of the Etanercept and placebo groups. This study provides high-quality evidence supporting the targeted blockade of IL-17A in the
treatment of psoriasis and significantly contributes to the advancement of biological treatments for psoriasis. Notably, a total of 2
references with high BC were identified, which may inspire new research directions. The article published by Prof. Leonardi CL in the
Lancet in 2008 (BC = 0.18) has been cited 244 times in the field. The study included three phases: placebo-controlled (weeks 0-12),
placebo crossover and active treatment (weeks 12-40), and randomized discontinuation (weeks 40-76) [22]. It provided detailed
evidence for the treatment of psoriasis with Ustekinumab across various dimensions, including short-term efficacy, long-term efficacy,
safety, quality of life, relapse after discontinuation, and retreatment after discontinuation [22]. The article by Prof. Hueber W pub-
lished in Science Translational Medicine in 2010 (BC = 0.17) has accumulated 51 citations in the field. The study comprehensively
reported the efficacy and safety of the IL-17 inhibitor Secukinumab (AIN457) in the treatment of psoriasis, rheumatoid arthritis, and
non-infectious uveitis [23]. It corroborated the role of IL-17A in the pathophysiology of a variety of inflammatory disorders and laid
the groundwork for treating autoimmune disorders by targeting IL-17A [23].

Furthermore, we conducted a cluster analysis and created a timeline graph to illustrate the research progress in this discipline, as
shown in Fig. 6b and c. The references were mainly clustered into 10 groups with a clear clustering structure and reasonably reliable
clustering results (Modularity Q = 0.7491, Mean Silhouette = 0.8869). The distribution of nodes in the timeline graph represents the
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publication time of the references, reflecting the changes in the knowledge structure of the field and the evolutionary trend of the
research topic. Early research themes focused on targeted T-cell modulators (#5), TNF-alpha (#9), and TNF-alpha inhibitors (#8).
Later, studies in economic evaluation (#1) and paradoxical psoriasis (#6) gradually increased. Recently, studies on nail psoriasis (#7),
drug survival (#2), IL-17 inhibitors (#3), IL-23 inhibitors (#4), and real-world (#0) have gained more attention, indicating current
research hotspots.

3.5. Keyword analysis

Keywords are a highly condensed representation of the literature, and keyword analysis can indicate the research focus and cutting-
edge trends within a discipline. After removing keywords such as "psoriasis," "plaque psoriasis," and "biologics" from each study and
merging synonyms, we analyzed the remaining keywords using VOSviewer. The top 10 keywords were efficacy (674), safety (642),
Etanercept (528), Adalimumab (438), Ustekinumab (373), Infliximab (332), rheumatoid arthritis (317), quality of life (272), Secu-
kinumab (257), and TNF-alpha (242), indicating a research focus in this area. In Fig. 7a, the color of the nodes represents the time of
the keywords, while in Fig. 7b, the color of the nodes is used to distinguish different clusters. Cluster analysis categorized the studies in
this field into four major groups. These include green clusters for clinical studies represented by "efficacy" and "safety", blue clusters for
mechanistic studies represented by "TNF-alpha" and "IL-17", red clusters for co-morbidities represented by "rheumatoid arthritis" and
"inflammatory bowel disease", and yellow clusters for efficacy association factors represented by "obesity" and "BMI".

Keyword burst detection can identify keywords that experience rapid growth within a short period, enabling researchers to
promptly recognize emerging research trends. Fig. 7c shows the top 30 keywords with the strongest citation bursts in the field over the
past 20 years. Among them, "Efalizumab" is the keyword with the strongest citation bursts and was the research hotspot between 2004
and 2012, with a burst intensity of 38.97. The keyword "exacerbation" experienced the longest citation burst, receiving sustained
attention from 2005 to 2017. This led to further research on "immunogenicity," "anti-drug antibody," and "pharmacogenomics." There
are a total of 11 keywords with high citation bursts in 2023, suggesting current research hotspots. These keywords can be categorized
into two groups. One group consists of emerging biologics represented by IL-17 inhibitors and IL-23 inhibitors, including "Secuki-
numab," "Ixekizumab," "Guselkumab,” “Brodalumab,” “Risankizumab,” “Tildrakizumab," and "Bimekizumab." The other group rep-
resents the emerging research hotspots in this field, including "drug survival," "discontinuation," "Covid-19," "real-world," and "clinical
feature."

4. Discussion

Although biologics have only been approved for plaque psoriasis for a little over two decades, the development of the field has been
rapid and significant. In this study, we summarized and analyzed trends and research hotspots and identified the main keywords,
authors, institutions, countries, and journals in the field for the first time using bibliometrics.

Global publications in this field have increased rapidly over the past two decades. Due to the delay in including articles in the
database, the publication volume of 2023 cannot cover all articles, which explains the decline in the publication volume of 2023.
Despite slight fluctuations, there is a clear upward trend in annual publications, and the forecast curve suggests that the field will
continue to grow in the future. The British Journal of Dermatology is the most popular and influential journal in the field, based on the
number of publications, H-index, and G-index evaluations. The Journal of Dermatological Treatment has experienced rapid growth in the
last three years and has become the second most popular journal since 2022. Researchers should pay attention to the core journals in
the field, which provide valuable insights for staying updated on the latest knowledge and for submitting manuscripts.

The United States is the most productive country, maintaining rapid growth momentum and contributing more than a quarter of the
publications in the field. The U.S. engages in frequent transnational collaborations, with an international co-authorship rate of 36.9 %,
and has established close partnerships with Canada and Germany. At the institutional level, pharmaceutical companies such as
Novartis, Johnson & Johnson, and Eli Lilly are committed to the field and have led numerous international and inter-institutional
studies. The University of Manchester, the University of Paris, and the European Hospital Federation have also made significant
contributions to the development of the field through their research. However, overall, inter-institutional collaborations have yet to
overcome geographical barriers.

The most influential author is Prof. Reick K from Germany, with 134 publications over the past two decades. He has led phase 2 or 3
clinical trials of Infliximab [24], Certolizumab [25], Ixekizumab [26], Ustekinumab [27], and Brodalumab [28] for the treatment of
moderate-to-severe psoriasis. Additionally, he has compared the short-term efficacy of five biologics based on randomized, controlled
trials through a network meta-analysis. The results showed that the highest mean response rates of PASI 50 (93 %), 75 (80 %), and 90
(54 %) were achieved with Infliximab at 10-16 weeks from baseline, followed by Ustekinumab 90 mg, Ustekinumab 45 mg, Adali-
mumab, Etanercept, and Efalizumab [29]. This result has been updated with the introduction of new biologics and clinical trials. IL-17
inhibitors and IL-23 inhibitors have shown higher rates of skin lesion clearance, making them current research hotspots. Among them,
Risankizumab showed the highest PASI 90 response rate (71.6 %), followed by Ixekizumab (70.8 %), Brodalumab (70.6 %), and
Guselkumab (67.3 %) [30].

Efficacy and safety were the most frequent keywords, suggesting a research focus in this area. Randomized controlled trials remain
the gold standard for evaluating efficacy and safety, with the top 10 most cited articles in the field being such studies. However, due to
the extended duration of treatment with biologics and the complexity of real-world patients, randomized controlled trials are subject to
numerous limitations. Keyword burst analysis has revealed that the term "real world" has been frequently used in recent years and has
become a current research hotspot. Real-world studies have demonstrated the efficacy and safety of biologics in the treatment of



S. Huang et al. Heliyon 10 (2024) e35446

psoriasis, both in the short and long term. These studies have also provided valuable experience in treating special populations,
including children [31], pregnant women [32], elderly patients [33], and oncology patients [34].

In addition, keyword bursts indicate that drug survival, discontinuation, drug switching, and factors associated with efficacy are
currently hot research topics drawing significant attention. Drug survival, defined as the duration of continuous therapy from the first
dose to discontinuation, is strongly influenced by various factors such as efficacy, safety, adherence, convenience, and economics [35].
It is a crucial evaluation parameter for real-world studies of biologics. Previous studies have shown that the median drug survival of
biologics for psoriasis ranges from 24.7 to 38.0 months [36]. The most important factors affecting drug survival are efficacy, financial
pressure, and adverse effects. Specifically, 43.5 % of patients discontinue the drug due to loss of efficacy, 23.9 % are unable to afford
the financial burden of biologics, and 7.6 % attribute discontinuation to adverse effects [37]. Recent studies have shown that IL-23
inhibitors have higher drug survival rates, possibly because of their favorable efficacy, safety, and ease of administration [38].

Discontinuation of medication is common in patients with psoriasis, which often leads to relapse. More than half of patients
experience a psoriasis relapse within 6 months of discontinuation [39]. Moreover, the time to relapse after discontinuation tends to
shorten as the number of prior biological treatments experienced by the patient increases [40]. Therefore, retreatment after discon-
tinuation has become a hot topic of current interest. Thankfully, with the exception of infliximab, interrupting biological therapy
seems to be safe [41]. Etanercept, Adalimumab, Ustekinumab, Brodalumab, Ixekizumab, Guselkumab, Risankizumab, and Til-
drakizumab demonstrated comparable efficacy to the initial therapy in patients who were retreated after discontinuation [41-43].
Emerging IL-23 inhibitors have demonstrated sustained responses even after discontinuation. This prolonged effect may be due to their
ability to inhibit tissue-resident memory T cells while leaving Treg cells unaffected [44].

Despite the significant efficacy of biologics, secondary failure is common in patients with psoriasis as the treatment cycle prolongs,
which may be associated with the immune-mediated production of anti-drug antibodies [45]. These anti-drug antibodies may prevent
drug-target interactions or increase drug clearance, thereby altering the efficacy and bioavailability of biologics [45]. When faced with
this situation, clinicians often provide guidance on switching medications. According to the survey, the overall switching rates for
biologics at 12 and 24 months of treatment for psoriasis patients in the United States were 14.4 % and 26.0 %, respectively. Biologics
were more commonly switched among patients with prior targeted immune modulators, those aged 51-64 years, and female patients
[46]. However, the effectiveness of some biologics after switching was not satisfactory. Patients who experienced primary nonresponse
to adalimumab, as opposed to secondary failure, showed poor response rates after switching to etanercept [47]. In patients who
switched to Secukinumab and Ustekinumab after experiencing failure of TNF-alpha inhibitor therapy, most responded well, but the
overall response rate may be decreased [47]. Combination therapy is another common approach in response to treatment failure.
Studies now show that combining biological agents with NB-UVB results in higher lesion clearance in a shorter period of time [48].
Combining methotrexate reduces the production of anti-drug antibodies for better long-term efficacy [49,50], and combining small
molecules is more effective in treating recalcitrant psoriasis [51,52].

Clinical practice has found that some patients with psoriasis may experience worsening of symptoms after treatment with biologics.
Additionally, individuals with autoimmune disorders but no history of psoriasis may develop psoriasis after biologic therapy, a
phenomenon referred to as paradoxical psoriasis. This phenomenon is most common in patients treated with TNF-« inhibitors [53] and
has also been reported in patients using IL-12/23 inhibitors [54], IL-17 inhibitors [55], and IL-23 inhibitors [56]. Paradoxical psoriasis
is associated with genetic susceptibility and immune dysregulation following treatment with biologics [57]. While some patients may
achieve remission with continued use of biologics [58], it is generally safer and more effective to discontinue biologics and switch to
alternative treatments [59]. In addition, biologic-associated autoimmune diseases are a challenge that cannot be ignored. Studies have
shown that biologics may induce autoimmune diseases such as inflammatory bowel disease [60], herpetic pemphigoid [61], and lupus
erythematosus [62]. Immune disorders caused by specific cytokine blockades may be responsible for this phenomenon, but the exact
pathogenesis remains to be further investigated. Atopic dermatitis was previously considered to involve a mechanism of inflammatory
response centered on Th2/Th22 cells, distinct from psoriasis, which is characterized by a Th1/Th17-type inflammatory response [63].
Subsequent studies have found that psoriasis and atopic dermatitis can be classified as two ends of the same spectrum, referred to as
“psoriatic dermatitis” [64]. The two are interchangeable, especially in patients with biologics, which is attributed to immune drift [65,
66]. It has been investigated that paradoxical eczema is most frequent in patients receiving IL-17 inhibitors, followed by patients
receiving TNF inhibitors, patients receiving IL-12/23 inhibitors, and patients receiving IL-23 inhibitors [67].

Over the past 20 years, an increasing number of biologics have been approved for plaque psoriasis. The wide variety of biologics has
made treatment selection challenging. Individualized precision therapy and factors influencing its efficacy have become a hot topic for
researchers. In order to select the most appropriate biologics, researchers have explored various predictors of efficacy to establish a
predictive model for the effectiveness of biologics from dimensions such as genomics, inflammatory markers, and clinical features
[68-70]. Previous studies have shown that a variety of genes, such as HLA-C*06 and IL-12B, are associated with the effectiveness of
biologics [68]. Patients with positive HLA-C*06 genes have shown better clinical efficacy with Ustekinumab [68]. However, specific
HLA alleles may be involved in the production of anti-drug antibodies. For example, HLA-DRB1*01 positivity is more prevalent in
patients with anti-drug antibodies to adalimumab, while HLA-DRB1*03 is considered a protective factor [71]. Furthermore, it has been
suggested that microRNA in the skin at baseline can serve as a potential marker of biological efficacy [71]. It has also been found that
obesity can reduce the efficacy of TNF-a inhibitors and Ustekinumab [70], while not affecting the efficacy of emerging IL-23 inhibitors
[72]. These findings provide support for the personalized and precise selection of biologics in clinical settings. However, further studies
are necessary for validation.

Despite tremendous progress achieved in the field of biologics for plaque psoriasis over the past 20 years, shortcomings and
challenges remain, such as primary and secondary treatment failure, long-term management of psoriasis, relapse after discontinuation
of therapy, re-treatment after biologics treatment failure or discontinuation, biologics-related adverse events, and selection of biologics
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for precision. We hope to inspire future research directions for investigators through a review of the current status and challenges of
treatment in this field.

4.1. Limitations

Firstly, there is a delay in the inclusion of literature in the WOSCC database, which means that it may not include all literature in
2023, resulting in a lack of comprehensive coverage. Second, due to the citation delay, recently published articles may be under-
estimated because they have not yet accumulated extensive citations. Additionally, we only selected literature published in English in
WOSCC for our study data due to the limitations of the bibliometric software, and relevant papers published in other languages or
included in other databases may be missed, which may affect the generalizability of the findings. Moreover, we only included literature
from the last 20 years, which may not capture long-term trends, thus limiting the robustness of the findings.

5. Conclusions

This is the first bibliometric study in the field of biological therapy for plaque psoriasis that summarizes the research trends and
hotspots, providing insights into key journals, countries, institutions, and authors in the field. Currently, IL-17 inhibitors, IL-23 in-
hibitors, real-world studies, drug survival, retreatment after biological treatment failure or discontinuation, and efficacy prediction are
the hot spots and frontiers of research.
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