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Abstract. - OBJECTIVE: Janus Kinase (JAK)
inhibitors have been extensively evaluated for
their potential in the management of various dis-
eases. Despite previous research on this topic,
there is a lack of bibliometric analysis that sum-
marizes research trends on JAK inhibitors. This
study aims to provide a comprehensive over-
view of the top 100 most frequently cited studies
on JAK inhibitors over the last ten years.

MATERIALS AND METHODS: The Web of
Science database was used to screen and ex-
tract relevant studies on JAK inhibitors. The top
100 studies most cited within the JAK inhibi-
tor-related research were identified and evaluat-
ed, and various data such as the year of publi-
cation, study focus and keywords, author infor-
mation, and number of citations were extracted
and analyzed for further examination.

RESULTS: In the top 100 most cited studies
of JAK inhibitors, more than 70% of studies fo-
cused on the role of JAK inhibitors in disease
treatments, with 42% of these studies focused
on using JAK inhibitors as treatment for autoim-
mune diseases and 19 of them focused on the
treatment of neoplasms. Time trend analysis re-
vealed that the keywords “tofacitinib”, “atop-
ic dermatitis”, and “rheumatoid arthritis” were
widely mentioned in 2016, while new trends
emerged in 2018, with “ruxolitinib” and “barici-
tinib” being more commonly mentioned.

CONCLUSIONS: The top 100 most frequently
cited studies on JAK inhibitors focused primar-

ily on the safety and efficacy of these inhibitors
in the management of various diseases, partic-
ularly inflammatory diseases and neoplasms.
The results can serve as a valuable reference
for rheumatologists and immunologists interest-
ed in the development of JAK inhibitors and ex-
panding future research fields.

Key Words:
Bibliometric analysis, Janus kinase inhibitors, Immu-
nology, Pharmacology, Inflammation.

Introduction

The Janus Kinase/signal transducers and ac-
tivators of transcription (JAK-STAT) signaling
pathway plays a crucial role in regulating nu-
merous cytokines and growth factors involved
in various biological processes, such as cell
growth, proliferation, the maintenance of inter-
nal stability, and immune system regulation'. In
recent years, the use of biologics as a treatment
option for inflammatory diseases has generat-
ed considerable interest*’. Janus Kinase (JAK)
inhibitors work by targeting the kinase part of
JAK proteins, preventing them from phosphor-
ylating and interrupting subsequent intracellu-
lar signaling. This mechanism is employed by
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first-generation JAK inhibitors, such as rux-
olitinib, baricitinib, and tofacitinib, to inhibit
various types of JAK. For instance, tofacitinib,
approved for psoriatic arthritis by the United
States Food and Drug Administration, primarily
inhibits JAK-1 and JAK-3, with some specificity
for the JAK-2 isoform*>.

Given the influence of cytokines and cell pro-
liferation, the efficacy and safety of different JAK
inhibitors for managing autoimmune diseases
and certain neoplasms, such as myelofibrosis,
have been widely discussed®®. Integrated results
from randomized controlled trials and real-world
evidence have provided valuable insights into the
clinical application of JAK inhibitors>'°. Howev-
er, to date, bibliometric studies providing visual
analyses of research trends in the field of JAK
inhibitors have been lacking. Therefore, we con-
ducted a bibliometric study with visual analyses
based on the top 100 JAK inhibitor studies of the
past decade to offer a comprehensive view of the
research trends in this field.

Materials and Methods

Searching Strategy

On March 8, 2023, we conducted a search in
the Web of Science database, available at https://
www.webofknowledge.com, using the term “Ja-
nus Kinase inhibitor”. Medical Subject Headings
(MeSH) terms were employed to identify syn-
onyms. To analyze the research trends of the past
decade, we limited the literature to the period
from 2012 to 2023. No additional limitations re-
garding language, publisher, or article types were
set. During the screening process, we accessed
information from the Web of Science database,
such as author names, the number of times an
article had been cited, article types, publication
dates, research focuses, and open-access status.
To ensure consistency and avoid biases resulting
from changes in citation updates in the database,
we performed all data analyses and extraction
on the same day while retrieving data from Web
of Science. To gain a better understanding of
research trends and developments in the field,
we identified the top 100 most cited studies on
JAK inhibitors for subsequent bibliometric and
visualization analyses. In this study, publications
with any of the following criteria were excluded
and not subjected to further analysis: (1) studies
that did not mention JAK inhibitors; (2) studies
focused on the mechanism of the JAK-STAT

signaling pathway but not on JAK inhibitors; (3)
unpublished research items. After evaluating the
content and research focuses of the studies related
to JAK inhibitors, we listed the top 100 most-cit-
ed publications. In cases where multiple articles
had the same number of citations, priority was
given to the article published at a later date and
listed first in the sequence.

Data Extraction and Statistical Analysis

We collected and examined data from the
100 publications' " relevant to JAK inhibitors.
This data included details such as article types,
main focuses, and citation counts, all of which
are presented in Supplementary Table I. Pub-
lications were categorized based on their main
focus. Statistical analysis was conducted using
Microsoft Excel 2019 and the Bibliometrix R
package software (Naples, Italy), an open-source
tool commonly used in previous bibliometric
studies across various specialties of clinical med-
icine''"!2_ Bibliometrix was utilized to create
visualized keyword analyses, including word
clouds, co-occurrence analysis, and time-trend
analysis, as well as to summarize the basic infor-
mation of the listed studies'*. In word cloud anal-
ysis, keyword frequency was represented by the
font size in the word cloud. A greater font size re-
fers to a greater frequency of being mentioned as
the keyword in studies. In co-occurrence analysis
plots, a thick line in the figure indicates a great-
er relationship between connected keywords. In
time-trend analysis plots, a greater size of the
spot represents a greater frequency of being men-
tioned as keywords.

Results

Publication Time Trend

The time frame for the top 100 most-cit-
ed JAK inhibitor studies of the past decade
spanned from 2012 to 2021. The year 2017 had
the highest number of JAK inhibitor studies
listed in the top 100, with 23 studies includ-
ed14,17,21,27,28,31,39,42,45,46,50,54,55,58,59,64,73,76,81.83,84,102,107
(Figure 1). Within the top 100 list of JAK in-
hibitor studies, the most recent study was a
randomized controlled trial by Marconi et al*
entitled “Efficacy and safety of baricitinib for the
treatment of hospitalized adults with COVID-19
(COV-BARRIER): a phase 3 trial”. This study
was published in The Lancet Respiratory Medi-
cine in December 2021.
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Figure 1. Trend of the most-cited JAK inhibitor studies by year.

Article Types and Cited Times

In the past decade, the top 100 most-cited JAK
inhibitor studies have been collectively cited a
total of 25,987 times. The number of citation
times for individual studies ranged from 135
to 1,358. The highest-cited publication among
the top 100 studies was a phase 3 randomized
controlled trial" entitled “A Double-Blind Pla-
cebo-Controlled Trial of Ruxolitinib for Myelo-
fibrosis”. This study, conducted by Verstovsek

et al'!, evaluated the benefits of ruxolitinib, a se-
lective inhibitor of JAK1/JAK?2, in myelofibrosis
patients. It was published in the New England
Journal of Medicine in March 2012. Among the
top 100 JAK inhibitor studies, more than 80%
were published as original articles (n=89), with
an average of 262.5 citations per article. Review
articles comprised 10% of the top 100 JAK in-
hibitor studies, with an average of 249.1 citations
per article (Figure 2).
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Figure 2. Article type and average cited times per study for the most-cited JAK inhibitor studies.
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Publication Details

The publication details are provided in Table
I. Among the top-cited JAK inhibitor studies, the
New England Journal of Medicine published the
most, with 14 articles!'1%21:23:273137.60 " Journals that
published over 5 of the most-cited articles includ-
ed The Lancet (n:11)20,33,35,39,42,44,52,71,78,94,104’ An_
nals of Rheumatic Diseases (n=7)¥46-3438.66.73.81
British Journal of Dermatology (n=6)*"
Arthritis & Rheumatology (n=5)*3-793107" and
BlOOd (n:5)5,36,47,89,91.

b
48,62,65,88,103
b

Research Focuses

Figure 3 displays the research focuses of the
top 100 list. Among the most-cited JAK inhib-
itor studies, over 70% (n=77)'-16.18-21.23.25-27.29-
31,33-42,44-48,50,52,54,56-60,62-71,73-76,78,79,81-85,88,91-96,98-106,109
centered on the role of JAK inhibitors in dis-
ease treatments. Specifically, 42 of these stud-
iesl4—l6,19—21,23,26,27,29,31,33,35,38,39,41,42,44,45,46—48,52,54,56-59,62,68,
71,73,78,79,81,84,88,93,94,98,103 focused on using JAK ln_hlb-
itors as a treatment for autoimmune diseases, while
1911.12,25,30,50,64,67,70,75,76,83,85,91,92,100—102,106,109 addressed
the treatment of neoplasms. Notably, five stud-
ies in the list mentioned JAK inhibitors as a
potential treatment for coronavirus disease 2019
(COVID_]9)13,40,60,69,105‘

Among studies focusing on the effect of JAK
inhibitors on diseases, rheumatoid arthritis (RA)
was the most frequently evaluated disease, ac-
counting for 22% of all studies'>!®- !:23.26.29.38.42.44-
47:52:54.56.577L13.1981.93 i the top 100 list. Other specific
diseases with more than five studies listed in the top
100 included myelofibrosis (n=15)!!12:25.30.30.64.67.70.75,
83,85,100,101,102,106, atOpiC dermatitis (n:6)41,65,82,95,96,104,
psoriasis (n=5)*486288103 "and inflammatory bow-
el diseases (n=5)!+16:3:5968,

Keyword Analysis

The results of keyword analyses for the
most-cited 100 JAK inhibitor studies are pre-
sented in Figure 4. In the word cloud analysis,
the most frequently mentioned keywords in these
studies were “double-blind,” “efficacy,” “safe-
ty,” “rheumatoid arthritis,” and “inadequate re-
sponse”. The co-occurrence analysis examined
the interactions and associations among differ-
ent keywords. The results revealed connections
among keywords such as “efficacy,” “safety,”
“tofacitinib,” and “rheumatoid arthritis.” Addi-
tionally, keywords like “Janus Kinase inhibi-
tor,” “inadequate response,” “methotrexate,” and
“modifying antirheumatic drugs” also showed
associations. The time-trend analysis demon-
strated that in 2016, the keywords “tofacitinib,”
“atopic dermatitis,” and “rheumatoid arthritis”
were prominently mentioned. However, in 2018,
new trends emerged with keywords such as “rux-
olitinib” and “baricitinib”. Notably, besides the
commonly mentioned keywords “efficacy” and
“safety,” the term “COVID-19” became a new
trend in JAK inhibitor research in 2020.

Discussion

In this bibliometric study, we visualized the
most-cited studies on JAK inhibitors over the
past decade. These studies primarily comprised
original articles and mainly centered on treating
autoimmune diseases and neoplasms. Our study
offers a clear insight into the research trends sur-
rounding JAK inhibitors in the last decade.

Among the top 100 most cited JAK inhibitor
studies, 22% were related to treating rheumatoid

Table I. Top 10 journals of the most-cited publications of JAK inhibitors.

Journal names

New England Journal of Medicine

The Lancet

Annals of the Rheumatic Diseases

British Journal of Dermatology

Arthritis & Rheumatology

Blood

Journal of Allergy and Clinical Immunology
Arthritis & Rheumatism**

Journal of Clinical Oncology

Journal of the American Academy of Dermatology

Amount of studies in
the top 100 publications Impact factor 2021*

14 176.082
11 202.731
7 28.003
6 11.113
5 15.483
5 25.669
4 14.290
3 NA

3 50.739
3 15.487

*Impact factor 2021 was retrieved according to the “Journal Citation Report 2021” published by Clarivate.**The journal Arthritis
& Rheumatism” had been reformed into Arthritis & Rheumatology at 2014; hence IF 2021 was not available.
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Figure 3. Summary of topic focus-
es. a, Main focuses of the most-cited
JAK inhibitor studies. b, Treatment
focus of most-cited JAK inhibitor
studies, stratified by diseases.
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arthritis. According to the 2019 update of the
European Alliance of Associations for Rheuma-
tology recommendations for RA management,
JAK inhibitors, classified as targeted synthetic
disease-modifying antirheumatic drugs (tsD-
MARDs), have shown comparable efficacy to
biologic disease-modifying antirheumatic drugs
(bDMARDs). They are considered additional
treatment options when conventional synthetic
DMARDs (csDMARD:s) fail to deliver signif-
icant efficacy, especially in patients with poor
prognostic factors'*. A recent meta-analysis’
found that combining JAK inhibitors with meth-
otrexate is more effective in controlling disease
activity than JAK inhibitor monotherapy. Cur-
rently, several JAK inhibitors, including tofac-

itinib, baricitinib, peficitinib, upadacitinib, and
filgotinib, have shown promise as potential op-
tions for RA treatment in clinical trials*73!15-117,
According to the results of our study, tofacitinib
and baricitinib were two of the most frequently
mentioned keywords between 2016 and 2018.
Recent research?*52577173:81.93 hag also evaluat-
ed other JAK inhibitors for RA management.
Integrated results from randomized controlled
trials'”® have demonstrated that peficitinib is
non-inferior in controlling disease symptoms
when measured using the American College
of Rheumatology 20/50/70 criteria. However,
variations in selectivity and pharmacodynamic
signaling may exist among different JAK inhib-
itors. Currently, there is a lack of head-to-head
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Figure 4. Keyword analysis. A, Visualized keyword analysis with word-cloud of most-cited JAK inhibitor studies. B, Co-
occurrence keyword analysis of most-cited JAK inhibitor studies. C, Trend topic keyword analysis of most-cited JAK inhibitor

study.

trials to establish the comparative treatment
efficacy of different JAK inhibitors with distinct
pharmacological mechanisms for RA'"?. Future
studies are needed to assess the comparative
efficacy and safety of different JAK inhibitors
in managing RA.

In the top 100 studies related to JAK inhibitors,
the issue of safety profiles was a major focus of
5% of the listed studies. JAK inhibitors have been
reported to increase the risk of future infection,
cardiovascular disease, and cancer?®?%2l_ In a
recent meta-analysis'?, the incidence of herpes
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zoster in JAK inhibitors users was of 3.23 per 100
patient-years. However, the difference in herpes
zoster risk among different JAK inhibitors was
not statistically significant'**'?*. The evidence re-
garding some of the adverse events associated
with JAK inhibitors remains intriguing. While
literature has reported adverse events related
to venous thromboembolism, recent real-world
studies and meta-analyses'**'** have provided ad-
ditional insights into this intriguing issue. A pop-
ulation-based cohort study'”’ found a non-signifi-
cant association between JAK inhibitor use and
incident venous thromboembolism in rheumatoid
arthritis patients (weighted risk ratio, 1.1; 95%
CI, 0.7-1.2). Furthermore, the integrated evidence
of randomized controlled trials also supported
an insignificant association based on published
studies to date'>'?, JAK inhibitors were warned
to have a potential role in the onset of venous
thromboembolism by authorities'”®. Moreover,
some studies'®"? evaluating adverse events in
JAK inhibitor users were retrospective, and like
other retrospective pharmacoepidemiologic stud-
ies132 most could not confirm causation. Larg-
er-scale, longer-term studies are still necessary to
determine the risk of venous thromboembolism
with JAK inhibitors for different indications.

The results of our bibliometric analysis should
be interpreted with caution due to certain limita-
tions in the study design. First, the citation count
can only partially reflect research trends. While
citation count is widely used in bibliometric
studies*!**, it can be influenced by various fac-
tors, including journal management policies and
external public health events. Therefore, readers
should exercise caution and not consider these
indicators as direct measures of the absolute
impact of specific studies. The primary objective
of this analysis was to present trends in citation
counts and provide a clear overview of research
focusing on JAK inhibitors in the field of clinical
immunology and pharmacology.

Conclusions

In summary, over the past decade, JAK inhib-
itors have been extensively investigated as one of
the treatment options for autoimmune diseases
and neoplasms. Notably, the treatment of inflam-
matory diseases such as RA, psoriasis, and atopic
dermatitis garnered significant attention among
the top 100 JAK inhibitor studies. The findings of
this study could be valuable references for rheu-

12094

matologists and immunologists interested in the
development of JAK inhibitors and the expansion
of future research endeavors.
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