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Global research trends and therapeutic evolution of biologic agents in
allergic rhinitis: A bibliometric analysis
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Abstract: Background: Allergic rhinitis (AR) is a prevalent immunoglobulin E (IgE)-mediated inflammatoisdisorder.
Biologic agents are increasingly discussed for severe or refractory AR, but the global publication landscape and
therapeutic evolution of this topic remain incompletely characterized. Objectives: To map global, research trends,
contributors, collaboration patterns and evolving biologic targets in AR from 2000 to 2025. Methods: Englisheldnguage
articles were retrieved from the Web of Science Core Collection using Boolean combinationsqef*AR:related and
biologic-agent terms. VOSviewer and the Bibliometrix R package were used to analyze publi€ation -growth, journals,
countries, institutions, co-authorship, co-citation, bibliographic coupling and keyword co-ocgurrence.\Results: A total of
546 articles were included. Publication output increased sharply after 2019 and reaehed$48 afticles in 2022; the
exploratory linear model showed moderate fit (R=0.5599). The United States had the highestpublication count (142)
and citations (7871), followed by China (68) and Japan (47). The Journal of Allergy andhClinical Immunology was the
leading source (42 articles; 3720 cited-journal occurrences). Omalizumabfwas the mostiprominent biologic keyword
(189 occurrences) and anchored the central anti-lgE/allergic-rhinitis coupling/Cluster (centrality 0.52; impact 3.74),
probably reflecting its early anti-IgE rationale, long clinical experience and evidence, base. Dupilumab showed a strong
recent temporal signal (45 occurrences), while mepolizumab, benralizumab and’newer agents such as tezepelumab,
itepekimab and stapokibart remained less represented. Conclusion: Research on biologic agents for AR is expanding
from anti-lgE-dominated studies toward type 2 endotype-based apd personalized approaches. Bibliometric prominence
should not be interpreted as direct therapeutic superiority andafuture“AR-specific studies should evaluate long-term
safety, cost-effectiveness and patient-centered outcomes.
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INTRODUCTION

Allergic  rhinitis  (AR) is @® nonsinfectious,
immunoglobulin E (IgE)-mediated finflammatory disorder
of the nasal mucosa (Bousquet et aly,2020; Nur Husna et
al., 2022). It is among the mostyprevalent atopic diseases
worldwide and affectspdtients“a@eress age groups and
geographic regions. Epidemiological studies estimate that
AR affects approximately 10%vto 40% of the population,
with some reports™describing rates as high as 54.5% in
highly developed and densely populated settings (Savoure
et al., 2022€hauhan, and Bishnoi, 2023; Lokaj-Berisha
and  Gacaferri Lumezi, 2025).  Urbanization,
industrialization, environmental exposure and lifestyle
changes have contributed to the increasing burden of AR
(Bu and Lou, 2025; Liu et al., 2023; Liu and Liu, 2022;
Zhang and Zhang, 2024).

Common allergenic triggers include pollens, house dust
mites, animal dander, molds and cockroach allergens,
whereas non-allergenic irritants such as tobacco smoke,
perfumes and air fresheners may aggravate symptoms but
do not act as classical allergens. Exposure in sensitized
individuals produces sneezing, nasal itching, rhinorrhea,

nasal obstruction and ocular symptoms such as itching
and tearing (Luh Eka Damayanti, 2023; Wang et al.,
2024). Because AR is chronic and recurrent, long-term
pharmacotherapy, allergen avoidance and immunotherapy
are often required, creating a sustained burden for patients
and healthcare systems (Komnos et al., 2019).

Standard treatments include oral or intranasal
antihistamines, intranasal corticosteroids, leukotriene
receptor antagonists and allergen-specific

immunotherapy. However, many patients continue to
experience inadequate symptom control or difficulty with
long-term adherence and treatment may be limited by
tolerability, variable efficacy and adverse effects (Bachert
and Noergaard Andreasen, 2016; Campisi et al., 2020;
Gurung and Khadgi, 2024; Li et al., 2023; Sanchez and
Castro, 2019). These limitations have encouraged interest
in biologic agents that target defined immune pathways
involved in type 2 inflammation.

In this manuscript, the terms "biologic agents" and
"biologics" refer to therapeutic biological products,
mainly monoclonal antibodies, that selectively target
immune mediators. Examples include omalizumab
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targeting IgE, dupilumab targeting the interleukin (IL)-4
receptor alpha (IL-4Ra)/IL-13 pathway and mepolizumab
or benralizumab targeting the IL-5 axis (Bachert et al.,
2017; Casale, 2001; Sastre and Dévila, 2018). These
agents modulate immune pathways rather than
neutralizing individual allergens. Therefore, their clinical
usefulness is expected to depend more on inflammatory
endotypes, disease severity and comorbid allergic
diseases than on a single allergen source.

Although several reviews have discussed biologics for
AR, a focused bibliometric assessment can add value by
identifying how the research field has evolved, which
contributors and collaboration networks drive the topic
and which therapeutic concepts are emerging. This study
therefore evaluates global publication patterns, influential
sources, collaborative structures, cited references and
keyword evolution in biologic-agent research for AR
from 2000 to 2025. The goal is not to rank drugs by
clinical superiority, but to clarify the research trajectory
and gaps that should guide future AR-specific
investigations.

MATERIALS AND METHODS

Data source and search strategy

Publication data were obtained from the Web of Science
Core Collection (WoSCC, Clarivate Analytics). WoSCC
was used because it provides standardized bibliographic
records, including titles, abstracts, authors, affiliations,
keywords, references and citation information, which are
required for bibliometric analysis. No s ther database or
search engine was used for the main dataset; tRis,chaice
was made to maintain consistency of citatien indexing
and affiliation metadata.

The search covered the pefiod fromyl Jandary 2000 to 26
September 2025. To minimize variation caused by
database updates, retrievdl andidata recording were
completed within a one-heur window on the same day.
The search used Boolean operators and topic search (TS)
fields as follows: /S=("Allergic Rhinitis" OR "Allergic
Rhinitides" OR "Rhinitides, Allergic" OR "Rhinitis,
Allergict)BAND_TS=("Biologic Therapy" OR Biologics
OR "Manoclenal 7Antibodies” OR Omalizumab OR
Dupilumab/0OR Mepolizumab OR Benralizumab OR
Reslizumalh OR Tezepelumab OR Lebrikizumab OR
Tralokinumab OR Stapokibart). The full screening
sequence is provided in table S1 and summarized in the
research flow chart (Fig. 1).

The inclusion criteria were English-language articles
related to biologic-agent research in AR or closely related
nasal allergic conditions. The exclusion criteria were non-
English records, reviews, editorials, meeting abstracts,
letters and other non-article document types. Two authors
independently performed retrieval, screening and

verification of final record numbers. Disagreements were
resolved by rechecking the WoSCC records and only
records agreed upon by both authors were included.

Because this is a bibliometric study based on publication
metadata rather than a systematic review of clinical
outcomes, no trial-level risk-of-bias assessment or
publication-quality scoring was applied. Potential
interpretive biases arising from database restriction,
English-language inclusion, citation age, cross-disease
overlap and industry-affiliated research foutputm were
instead examined and presented in the diseussion and
limitations sections.

Bibliometric and visualized analysis

Bibliometric analyses were pgrformed using VOSviewer
version 1.6.20 and the Bibliometrix¢R package. Annual
time slices were appliedyto capture temporal changes in
publication outputh, Thehanalysis covered journals,
authors, documents) countrigs; institutions and keywords.
Collaboration networks, co-citation networks,
bibliographic coupling, keyword co-occurrence and topic-
trend maps were generated to summarize the intellectual
structure and thematic evolution of AR biologic-agent
resedrehi

Befare keyword analysis, terms with identical or near-
identical meanings were normalized to reduce
fragmentation. For example, differences in capitalization,
hyphenation and singular/plural forms were harmonized
and terms such as "anti-IgE" and "anti IgE" were merged.
The normalized keyword matrix was then analyzed using
co-occurrence and clustering algorithms. No manual
deletion of institution names was performed, because
affiliations are objective bibliographic metadata; however,
institution names were interpreted cautiously and were
not treated as evidence of endorsement or clinical
superiority.

RESULTS

Annual growth trend analysis

The initial search identified 1094 records from WoSCC.
After applying the predefined time span, document-type
and language criteria, 546 English-language articles were
included for analysis (Table S1). These articles were
published in 218 journals. The overall annual growth rate
was 5.09%. Publication counts were relatively stable
before 2019 but increased sharply thereafter, reaching 48
articles in 2022 and remaining high through 2025 (Fig. 2).

The exploratory linear regression model suggested an
upward trend in publication output (y=1.2362x+4.3108),
but the explanatory power was moderate (R?=0.5599).
Therefore, the projection should be interpreted only as a
descriptive indication of continued research activity, not
as a confident forecast of future publication volume.
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Fig. 2: Annual publication trend from 2000 to 2025. The fitted line is exploratory because the regression model showed
only moderate explanatory power (R?=0.5599).
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Fig. 3: Journal and author networks. (A) Core journals acco

top journals over time; (C) Co-authorship network;

Table 1: Top 10 journals by publication,volum

4

7
rw Bradford's law of scattering; (B) Production of the

) Co-citation author network.

Impact

Rank Journal Count  JCR factor (2025) Country

1 Journal of Allergy and Clijfical Immunology 42 Q1L 112 United States

2 Allergy o 21 Q1L 120 England

3 Annals of Allergy, m unology 19 Q1L 47 United States

4 Allergy and a edings 18 Q3 22 United States

5 Clinical and imentalAllergy 17 Q1L 5.2 England

6 InternationalPArc f Allergy and Immunology 16 Q3 18 Switzerland

7 Journal lergy and Clinical Immunology: In Practice 11 QL 6.6 Netherlands

8 ganization Journal 11 Q2 43 England

9 a and Allergy 10 Q2 3.0 New Zealand

10 Sthma 8 Q3 13 United States
JCR: Jou Citation Reports.
Source an rnal analysis Cited-journal analysis showed a similar concentration of
Bradford analysis and publication counts showed that a  influence. The Journal of Allergy and Clinical

small number of journals contributed a substantial share
of the literature (Fig. 3A). The Journal of Allergy and
Clinical Immunology ranked first with 42 articles,
followed by Allergy with 21 articles and Annals of
Allergy, Asthma & Immunology with 19 articles (Table
1). Production trends for the top journals increased after
2016, with the Journal of Allergy and Clinical
Immunology showing the most sustained growth (Fig.
3B).

Immunology had 3720 cited-journal occurrences,
followed by Allergy with 1610 occurrences and Clinical
and Experimental Allergy with 857 occurrences (Table 2).
These findings indicate that AR biologic-agent research is
disseminated mainly through allergy, immunology and
respiratory journals.
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Table 2: Top 10 cited journals ranked by frequency.

Impact factor

Rank Cited journal Frequency JCR (2025) Country
1 Journal of Allergy and Clinical Immunology 3720 Q1 112 United States
2 Allergy 1610 Q1 120 England
3 Clinical and Experimental Allergy 857 Q1L 52 England
4 Journal of Immunology 719 Q2 34 United States
5 Qr:;irgz:g Journal of Respiratory and Critical Care 635 01 194 United States
6 Annals of Allergy, Asthma & Immunology 618 Q1L 47 United States
7 New England Journal of Medicine 512 Q1L 785 i tes
8 European Respiratory Journal 444 Q1L 21.0 Eng
9 Journal of Allergy and Clinical Immunology: In Practice 410 QL 6.6 erlands
10 International Archives of Allergy and Immunology 344 Q3 138 Switzerland
JCR: Journal Citation Reports. A 4
Table 3: Top 10 countries ranked by publication count.

Rank Country Count SCP, MCP (%)

1 USA 142 225

2 China 68 10.3

3 Japan 47 43 8.5

4 Italy 43 35 18.6

5 Germany 37 26 29.7

6 England 26 15 42.3

7 Korea 16 6.3

8 France 15 @ 40.0

9 Turkey 13 7 46.2

10 Spain 12 11 8.3
SCP: single-country publication; MCP: muItipIe—ﬂtry publication.
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Fig. 4: Country and institution networks. (A) Corresponding-author countries showing single-country publications and
multiple-country publications; (B) Country collaboration world map; (C) Institutional production over time; (D)
Institutional collaboration network.
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Table 4: Top 10 institutions ranked by frequency.

Rank Institution Count
1 Novartis 51
2 Harvard University 37
3 Free University of Berlin 36
4 Humboldt University of Berlin 36
5 Charite Universitatsmedizin Berlin 33
6 Capital Medical University 27
7 Sanofi-Aventis 27
8 University of Copenhagen 26
9 Harvard University Medical Affiliates 23
10 Northwestern University 22

Institutional names are reported exactly as bibliographic affiliation metadata and do not imply endorsement or

commercial preference.

Co-authorship and co-citation author analysis

The co-authorship network identified five major author
clusters (Fig. 3C). The largest cluster included Bachert C
and Peters AT, while other clusters centered on Corren J,
Graham NMH, Wang CQ, Orengo JM, Durham SR and
Humbert M. Dense intra-cluster links showed frequent
collaboration within specialized research groups, while
cross-cluster links indicated that the field also contains
intergroup cooperation.

The co-citation network showed stronger interconnection
among intellectual contributors (Fig. 3D). Casale TB,
Juniper EF, Bousquet J, Corren J and Bachert C were
among the most cited authors. The network suggests that
the knowledge base of AR biologic-agent research.s,built
on shared references from anti-IgE, asthma{ chronic
rhinosinusitis and type 2 inflammation studies.

Country and institution analysis

Country-level analysis showed that™the United States
ranked first in publication geunt (142), followed by China
(68), Japan (47), Italy (43) and Germany (37) (Table 3).
The United States also had the, highest citation count
(7871), followed by Germany (2618) and England (1902)
(Table S2). The corresponding-author country analysis
indicated that singlg=Country publications predominated in
several high-outpdt™countries, although multiple-country
publicatiens were visible”in North America, Europe and
parts of Asta‘(Figs:4A-B).

Institutiongl analysis showed that universities, hospitals
and industrysaffiliated institutions all contributed to the
field (Table 4). The top institutional outputs included
Novartis (51), Harvard University (37), Free University of
Berlin (36), Humboldt University of Berlin (36) and
Charite  Universitatsmedizin  Berlin  (33). Temporal
institutional trends showed accelerated output after 2020,
including rapid recent growth from Capital Medical
University (Fig. 4C). The institutional collaboration
network placed European academic institutions and
industry-affiliated nodes within dense regional networks,

while National Jewish Health\sérved/as an interregional
bridge (Fig. 4D).

Cited referengés and bibliographic coupling analysis
The most globally gited reference in the dataset was the
2001 study by ‘Busse W on omalizumab in severe allergic
asthma (Busse ‘etwal., 2001), which received 1033
citations, followed/by Weidinger S on atopic dermatitis
withg®901 citations (Fig. 5A). These highly cited
publications,” demonstrate the strong contribution of
comorbid /type 2 inflammatory diseases to the AR
biologi€s citation landscape.

Bibliographic coupling at the document level identified
four major clusters (Fig. 5B). The largest and most central
cluster (n=89) focused on omalizumab, anti-IgE and AR,
with an average centrality of 0.52 and an average impact
of 3.74. In this context, centrality indicates the degree to
which a cluster connects different parts of the coupled
literature, while impact reflects relative citation influence.
Thus, the anti-IgE/omalizumab cluster functions as both a
bridging and influential knowledge base. Another cluster
focused on asthma, dupilumab and atopic dermatitis
(n=39; centrality 0.36; impact 2.44), indicating that recent
AR biologic research is increasingly linked to broader
type 2 inflammatory-disease literature. The remaining
clusters were related to omalizumab, asthma, AR and
general biologics, with lower centrality and impact
values.

Keyword analysis

After normalization of synonymous terms, the most
frequent keywords were "asthma" (210), "omalizumab"
(189), "efficacy" (80), "IgE" (79), "immunotherapy" (59),
"expression" (57), "anti-IgE" (46), "quality-of-life" (46),
"dupilumab” (45) and "safety" (44) (Table 5; Fig. 5C).
The high rank of asthma and chronic rhinosinusitis shows
that a substantial portion of the literature overlaps with
related airway and type 2 inflammatory diseases.
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Table 5: Top 20 keywords ranked by frequency”
\

Rank e Frequency
1 ' ma 210
2 0 umab 189
3 effic 80
4 o | 79
5 munotherapy 59
6 expression 57
7 anti-lIgg 46
8 quality-of-life 46
9 dupilumab 45
10 safety 44
11 chronic rhinosinusitis 42
12 monoclonal antibody 42
13 anti-IgE antibody 41
14 atopic dermatitis 41
15 biologics 41
16 double-blind 39
17 therapy 38
18 prevalence 37
19 management 35
20 inflammation 34

Topic-trend analysis showed that earlier studies focused  endotypes (Fig. 5D). This temporal shift suggests
on immunohistochemistry, IgE and omalizumab, whereas  movement from single-target anti-IgE research toward
more recent themes included dupilumab, biologics, phenotype- and endotype-oriented strategies.
benralizumab, type 2 inflammation, psoriasis and
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Table 6: Qualitative comparison of major biologic-agent groups discussed in allergic rhinitis research.

Agent or group  Main Bibliometric Clinical interpretation for ~ Treatment burden References
target position in this allergic rhinitis and compliance
study considerations
Omalizumab IgE Highest Extensive AR and Repeated Casale, 2001; Casale et
biologic-specific  comorbid-asthma subcutaneous al., 2001; Casale et al.,
keyword evidence; prominence dosing and high 2006; Vignola et al.,
frequency (189)  probably reflects early drug cost may limit ~ 2004; Hanania et al.,
and dominant availability, anti-Ige routine AR use; 2011; Bozek et al., 2022;
anti-Ige rationale and long clinical may be more Arslan et al., 2025
coupling cluster  experience rather than acceptable for
low cost alone severe disease or
comorbid allergic
conditions
Dupilumab IL-4 Emerging Represents a shift toward  Regular Sastré andgDavila, 2018;
receptor keyword (45) type 2 endotype-based subcutaneous Simpson‘et al ., 2020;
alpha / with strong therapy; AR-specific administration; Yamani et.al, 2024
IL-13 recent temporal conclusions remain partly  compliance may
pathway signal supported by comorbid improve when one
asthma, atopic dermatitis  therapy addresses
and chronic rhinosinusitis  several type 2
evidence comorbidities
Mepolizumab,  IL-5or Lower AR- Potential relevance for Désing s¢hedules Bachert et al., 2017;
benralizumab IL-5 specific eosinophilic or comorbid differ among Harvey et al., 2020;
and reslizumab  receptor frequency; phenotypes, but direct agentsy patient Lombardo et al., 2020
axis mainly AR-only evidence is selectiomis essential
connected to limited to avoid
eosinophilic unnecessary burden
airway disease and cost
Tezepelumab, Upstream  Recent or Promising future L ong-term safety, Menzies-Gow et al., 2021;
itepekimab, epithelial  weakly directiongpbut sparse,AR- jaffordability and Wechsler et al., 2021;
lebrikizumab, cytokines  represented in specific publicationsdimit, “ real-world Kosloski et al., 2022;
tralokinumab or IL- the current AR quantitative/camparison adherence remain Zhao et al., 2025
and stapokibart  4/IL-13 bibliometric unresolved for AR-
pathway dataset specific use

This table provides qualitative interpretation only.dtsgdoes not replace head-to-head clinical efficacy, cost-effectiveness
or adherence studies. References: sources in thefreferenge list supporting each row. AR: allergic rhinitis; IL: interleukin.

DISCUSSION

This bibliometric analysis shows that@AR biologic-agent
research has expanded substantidlly singe 2019. The
increase likely reflects several coReurrent drivers rather
than a single AR-specific eveatabroaderclinical adoption
of biologics in type R hflammatory diseases, rising
availability of monoclonalhantibodies, increasing interest
in precision immunoetherapyigand publication behavior
during and after the eoronavirus disease 2019 (COVID-
19) pandemic. Cross=disease spillover from asthma,
atopic \dermatitis and chronic rhinosinusitis also
contributed toihe‘@bserved publication surge.

The research landscape is geographically concentrated in
the United /States, Europe and parts of Asia. This pattern
probably reflects differences in research funding,
regulatory approval pathways, biologic reimbursement
systems, specialty allergy networks and access to large
clinical trial infrastructures. Climate and allergen
exposure may also influence clinical demand, but the
present bibliometric data alone cannot prove that
environmental exposure directly drives publication output
(Jyothirmayi, 2020). Therefore, geographic dominance
should be interpreted as a combined result of scientific

capacity, healthcare systems, industry participation and
disease burden.

The keyword profile demonstrates both the strength and
limitation of the dataset. The frequent appearance of
"asthma" and "chronic rhinosinusitis" supports the united-
airway and type 2 inflammation concept (Campuzano-
Revilla, 2022), but it also means that AR-specific
conclusions must be interpreted with caution. Many
biologic studies include patients with AR as a
comorbidity or secondary outcome rather than as the
primary disease. Thus, bibliometric prominence indicates
research attention, citation influence and network
position, not direct therapeutic superiority for AR.

Omalizumab remained the most influential biologic in
this analysis. Its dominance is probably explained by its
early development as an anti-Igg monoclonal antibody,
biological plausibility for IgE-mediated rhinitis, long
clinical experience and several early AR or AR-related
clinical studies (Casale, 2001; Casale et al., 2001; Casale
et al., 2006; Vignola et al., 2004). Omalizumab has also
been studied in patients with multiple allergic
comorbidities, which increases its representation in
bibliometric networks (Bozek et al., 2022; Chong et al.,
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2023; Noeiaghdam et al.,, 2025). However, its
bibliometric lead should not be interpreted as proof that it
is uniformly superior or cost-effective for all AR patients.
Dupilumab showed a different pattern. Although its
overall keyword frequency was lower than that of
omalizumab, the temporal trend map placed dupilumab
among recent hotspots. This suggests that AR biologic
research is moving toward IL-4/IL-13 pathway blockade
and type 2 endotype-based treatment. The evidence base
remains influenced by asthma, atopic dermatitis and
chronic rhinosinusitis studies, so AR-only randomized
trials and real-world studies are still needed before firm
therapeutic conclusions can be drawn (Sastre and Davila,
2018; Simpson et al., 2020; Yamani et al., 2024).

Mepolizumab, benralizumab and reslizumab were less
prominent in AR-specific networks, which may reflect
their closer connection to eosinophilic asthma or chronic
rhinosinusitis with nasal polyps than to isolated AR
(Bachert et al., 2017; Harvey et al., 2020; Lombardo et
al., 2020). Newer agents, including tezepelumab,
itepekimab, lebrikizumab, tralokinumab and stapokibart,
were only weakly captured in the present AR bibliometric
dataset because publications remain limited, recent or
concentrated in non-AR indications (Kosloski et al.,
2022; Menzies-Gow et al., 2021; Wechsler et al., 2021;
Zhao et al., 2025). Their future role in AR should be
evaluated through disease-specific efficacy, long-term
safety and cost-effectiveness studies.

Biologic agents should not be expected to worksequally
against all common allergens because they ,do not
neutralize pollen, mites, molds or animalidandetdireetly.
Instead, they interfere with immune pathways, such as
IgE signaling or type 2 cytokiney activity: Their
effectiveness is therefore more fdikely to depend on
immunological endotypef® severity, biomarkers and
comorbid diseases than on a specific‘allergen source. This
distinction is clinically,”impertant because patients
sensitized to different allergens may share a treatable type
2 pathway, while patients Withgsimilar allergen exposure
may differ in biologi€,responsiveness.

Table 6'simmarizes the’/major biologic groups in terms of
target, bibliometriepposition and clinical interpretation.
The comparison emphasizes that available bibliometric
evidence €an support hypothesis generation but cannot
substitute fof head-to-head clinical trials. Cost, dosing
interval, treatment duration, long-term adherence and
patient preference remain insufficiently compared across
biologics in AR. Future studies should therefore combine
bibliometric monitoring with clinical effectiveness,
pharmacoeconomic and real-world adherence data.

The strong presence of industry-affiliated institutions
should also be interpreted critically. Bibliometric records
count affiliations and citations objectively, but citation

Xue Jiao Liu and Xu Hui Tai

frequency may be affected by sponsorship, trial size,
journal visibility, marketing-driven research priorities and
the longer citation window of older studies. Older highly
cited omalizumab studies therefore occupy a core position
because of long-term academic impact, but this may
underrepresent the importance of recent AR-specific trials
or emerging agents. This study has several limitations.
First, the dataset was restricted to WoSCC, so relevant
studies indexed only in Scopus, PubMed or regional
databases may have been missed. Second, exclading non-
English articles may underrepresent resear¢h frem, non-
English-speaking regions and may skew geegraphic or
institutional patterns. Third, the seédrch _stratedy was
designed around established biologiciterms and may not
fully capture very recent agents, ofistudies_indexed mainly
under comorbid diseases. Folrth, bibliometric methods
evaluate metadata rather thanpatient-level efficacy and
safety, so the results ghould not be used as clinical
treatment rankings. Finallypcitation-based measures favor
older publications and highlyVisible journals, which may
inflate perCeived influence relative to newer AR-specific
evidence.

CONCLUSION

Research @b biologic agents for AR has entered a period
of rapid expansion since 2019, with increasing publication
output,” international  collaboration and thematic
diversification. Omalizumab remains the historical and
bibliometric core of the field, mainly because of its early
anti-lgE rationale and long evidence base, while
dupilumab and other type 2 pathway agents represent the
most visible emerging direction. The main take-home
message is that AR biologic research is shifting from
single-target, drug-centered exploration toward endotype-
based and patient-centered precision treatment. Future
studies should prioritize AR-specific clinical trials,
biomarker-guided selection, long-term safety, cost-
effectiveness and real-world adherence rather than relying
on bibliometric prominence alone.
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