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ABSTRACT

Objective. To analyse research trends
and developments in rheumatoid ar-
thritis (RA) immunotherapy through a
comprehensive bibliometric analysis of
literature from 2003 to 2023.
Methods. Publications related to RA
immunotherapy were retrieved from
Web of Science Core Collection data-
base using specified search terms. Bib-
liometric analysis was performed with
VOSviewer, CiteSpace, Pajek, and R
packages to examine publication pat-
terns, international collaborations, re-
search hotspots, and emerging trends.
Analysis covered publication outputs,
country contributions, institutional net-
works, and keyword evolution patterns.
Results. Analysis based on a total of
940 publications showcased that the
associated researches featured expo-
nential growth (R?*=0.885) over the
study period. The United States led with
285 publications (30.3%), followed by
China (187, 19.9%) and Germany (156,
16.6%). International collaboration
intensity increased, with average col-
laborating countries per paper rising
from 1.8 to 2.7. Research focus evolved
through three phases: fundamental im-
munology (2003-2010), therapeutic
development (2011-2017), and preci-
sion medicine (2018-2023). Current
hotspots encompassed immunomodu-
lation mechanisms (38% of keywords),
immune-related adverse events man-
agement, as well as cancer immunity
interactions. Emerging trends high-
lighted nanotechnology applications
and microbiome research, with respec-
tive growth rates of 218% and 245% in
recent years.

Conclusion. This analysis revealed sig-
nificant evolution in RA immunotherapy
research, characterised by increasing
international collaboration and meth-

odological sophistication. The involved
fields displayed a clear transition from
basic immunological research to preci-
sion medicine approaches. Emerging
hotspots in nanotechnology and mi-
crobiome studies suggested promising
therapeutic innovations. These findings
were seen to provide valuable guidance
for future research fields and resource
allocation in RA immunotherapy.

Introduction

Rheumatoid arthritis (RA) is a sys-
temic autoimmune disorder character-
ised by persistent joint inflammation
and autoantibody production (1). Cur-
rent treatments, including conventional
DMARDs and biologics, often show
insufficient efficacy or adverse ef-
fects (13). Immunotherapy represents
a promising approach for achieving
complete disease remission by reestab-
lishing immune tolerance (3). Notwith-
standing several bibliometric analyses
have demonstrated RA research broad-
ly (6,7),no comprehensive analysis has
focused specifically on immunotherapy
developments.

The present study aims to analyse the
intellectual landscape and development
trajectory of RA immunotherapy re-
search from 2003-2023, subsequently
provides insights into research trends,
collaboration patterns, as well as
emerging therapeutic directions.

Materials and methods

Data collection

Publications from January 1, 2003, to
September 30, 2023, were retrieved
from the Web of Science Core Collection
using search terms: TS=(“rheumatoid
arthritis”) AND TS=(immunotherapy).
Only research articles and reviews were
included, excluding letters, newsletters,
and book reviews.
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Bibliometric analysis

The analysis was conducted using VOS
viewer 1.6.18 for the visualisation of
collaboration networks, CiteSpace
6.2 R5 for temporal evolution analysis,
Pajek 64 5.16 for network analysis, and
R packages (circlize, chorddiag, Com-
plexHeatmap) for data visualisation.
Microsoft Excel was used for the publi-
cation trend analysis.

Statistical analysis

Network parameters were calculated
via built-in algorithms in VOSviewer.
Collaboration intensity was meas-
ured through co-authorship analysis.
Growth patterns were analysed by ex-
ponential regression models. Statistical
significance was set at p<0.05.

Results

A total of 940 publications were ana-
lysed during 2003-2023. The annual
publication output soared from 16 pa-
pers in 2003 to 97 in 2022, featuring an
exponential growth pattern (R?>=0.885).
Publication growth experienced three
distinct phases: 2003-2008 (15.3 papers/
year), 2009-2016 (37.8 papers/year),
and 2017-2023 (82.4 papers/year).
International collaboration analysis re-
vealed extensive cooperation among 45
countries. The United States led with
285 publications (30.3%), followed by
China (187, 19.9%) and Germany (156,
16.6%). The average number of collab-
orating countries per paper increased
from 1.8 (2003-2010) to 2.7 (2018-
2023). Citation analysis revealed inter-
national collaborative papers received
35% more citations than single-country
publications.

Research focus evolved through three
main phases identified through key-
word analysis. Phase I (2003-2010) em-
phasised basic immunological mecha-
nisms, with dominant keywords includ-
ing T cells and cytokines (2, 4). During
this period, T cells appeared 158 times
and cytokines appeared 145 times in the
literature. Phase II (2011-2017) focused
on therapeutic approaches, particularly
biologics and TNF inhibitors (5, 14),
with these terms appearing 178 and
165 times respectively. Phase III (2018-
2023) showed emergence of precision
medicine terms including biomarkers
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and personalised therapy, with respec-
tively frequencies of 85 and 76.
Current research hotspots identified
through clustering analysis include im-
munomodulation (38% of keywords),
immune-related adverse events man-
agement, and cancer immunity interac-
tions. Emerging trends analysis revealed
significant growth in nanotechnology
applications (8, 9) (218% increase) and
microbiome research (245% increase)
since 2018.

Gene analysis organised 156 genes into
three functional clusters: T cell-related
(72 genes, 46.2%), inflammatory medi-
ators (48 genes, 30.8%), and regulatory
elements (36 genes, 23.1%). Network
analysis identified 42 hub genes with
high degree centrality (>0.75). Disease
association patterns showed increasing
focus on comorbidities, with studied
disease associations growing from 45
(2003-2010) to 156 (2018-2023).

Discussion

This bibliometric analysis revealed
significant evolution in RA immuno-
therapy research during 2003-2023.
The exponential growth in publica-
tions reflected increasing recognition of
the potential of immunotherapy in RA
treatment (5). The dominance of US in-
stitutions, coupled with rising contribu-
tions from Asian countries, particularly
China, indicates a globalising research
landscape (6, 7).

The transition from basic immunologi-
cal studies to precision medicine ap-
proaches represented a fundamental
shift in research focus. Early emphasis
on T cell mechanisms and cytokine
networks (2, 4) has evolved into more
sophisticated therapeutic strategies,
particularly evident in the rising inter-
est in nanotechnology-based delivery
systems (15). This evolution suggested
growing understanding of disease com-
plexity and need for personalised treat-
ment approaches.

International ~ collaboration  patterns
showed a meaningful impact on re-
search quality, with collaborative papers
receiving significantly higher citations.
This trend particularly benefited emerg-
ing research nations, supporting the
value of cross-border scientific partner-
ships. The increasing focus on comor-

bidities and disease associations mir-
rored growing recognition of the sys-
temic nature of RA.

Emerging research directions in micro-
biome studies and nanotechnology ap-
plications represented promising thera-
peutic frontiers. Microbiome research
revealed crucial connections between
gut flora and immune function (10-12),
while nanomedicine approaches offer
potential solutions for targeted drug de-
livery (8, 9). These developments sug-
gested new possibilities for therapeutic
intervention.

Study limitations included potential
database bias against non-English pub-
lications and emerging research areas.
Additionally, citation analysis may not
fully reflect clinical impact, particular-
ly for recent publications.

Conclusion

This analysis demonstrated clear evo-
lution in RA immunotherapy research,
characterised by increasing methodo-
logical sophistication and international
collaboration. Emerging trends in na-
notechnology and microbiome research
indicated promising therapeutic innova-
tions. These findings provided valuable
guidance for future research directions
and resource allocation in the develop-
ment of RA immunotherapy.
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