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Abstract

This study aims to analyze and identify primary research trends in targeted therapy for thyroid carcinoma (TC). It seeks to pro@
a factual foundation for researchers, as TC often presents with advanced stages and aggressive subtypes, leading to unfavorable
clinical outcomes. The evolution of targeted therapies introduces promising treatment possibilities, necessitating a bibliometric
analysis to better understand the current state and trends in this field. A comprehensive bibliometric analysis was conducted
using data from the Web of Science Core Collection (WOSCC). Advanced search queries established a literature database,
and the analysis was performed using tools such as VOSviewer, CiteSpace, Tableau, and Microsoft Excel. The study focused
on publications from 2013 to 2023, examining patterns, geographical contributions, institutional output, and influential journals.
The analysis identified 763 publications on TC targeted therapy during the study period, with significant contributions from the
United States, China, and ltaly, and the United States leading in output. Research activity peaked in 2021, showing overall
fluctuating growth. Key contributing institutions included the University of Texas MD Anderson Cancer Center and the University
of Pisa. Notable journals, such as Cancers and Thyroid, were among the most cited, underscoring their impact in the field. The
study highlighted an increase in global research output and robust international collaborations, particularly among the leading
contributing countries. This bibliometric analysis provides a comprehensive overview of significant contributions and trends in
targeted therapy research for TC. It identifies key development processes and research hotspots, offering valuable insights to
guide future research directions. The findings aim to stimulate further studies and foster advancements in this critical area of
oncology.

Abbreviations: ATC = anaplastic thyroid carcinoma, ATP = adenosine triphosphate, IRTC = iodine-refractory thyroid carcinoma,
NSCLC = Non-Small Cell Lung Cancer, TC = thyroid carcinoma, TKIs = tyrosine kinase inhibitors, WOSCC = Web of Science

Core Collection.
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1. Introduction

Thyroid carcinoma (TC) is one of the most common carcino-
mas of the endocrine system and its incidence is increasing every
year.'”) While the majority of individuals diagnosed with TC
have a favorable prognosis, factors such as advanced clinical
stagel and highly aggressive subtypes!**! remain linked to unfa-
vorable clinical outcomes. Targeted therapies, through their
intervention in the molecular mechanisms of carcinoma cells,
selectively disrupt or inhibit their survival and proliferation.!®”!
This not only enriches therapeutic options for this patient group
but also infuses new vitality into the traditional treatment
paradigm.

The field of targeted therapies for TC is currently under-
going rapid growth and evolution. However, it faces various
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challenges, including the development of therapeutic resis-
tance’® and the complexity of specific molecular targets."!
Within this dynamic landscape, a substantial body of research
literature explores diverse therapeutic strategies, biomarkers,
and clinical trial results. Upon searching major databases, we
discovered that despite literature reviews by several schol-
ars,'-12 the exploration of targeted therapies for TC from a
bibliometric perspective is limited. Bibliometric analysis, as
a systematic approach, scrutinizes, cleanses, and mines this
wealth of quantitative information using mathematical and
statistical tools.!'*'51 This process not only assesses elements
such as citations, authors, journals, and keywords but also
aids researchers in fully comprehending the development and
impact of scholarly research.
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By providing key quantitative indicators, bibliometric analy-
sis offers a comprehensive and objective perspective, deepening
our understanding of the current state of research in TC tar-
geted therapy. It enables the systematic assessment of patterns,
trends, and influential contributions, thereby contributing valu-
able insights for future research and decision-making.

2. Methods

2.1. Data collection

To conduct bibliometric analysis, we established a database
designed for retrieving relevant literature. An advanced search
strategy was implemented within the Web of Science Core
Collection database (WOSCC)(https://access.clarivate.com).
WOSCC served as the chosen data source, and each document
record included both the full record and cited references. It is
the most common bibliometric database.''®’ We conducted a
search and export operation on April 22, 2024. The strategy
searched was (TS=(“thyroid carcinoma” or “thyroid cancer”)
AND TS=(“targeted therapy” or “targeted therapies”)) and
restricted the search to the period between January 1, 2013,
and December 31, 2023. To address potential search bias, we
implemented specific constraints, such as restricting the scope
of literature to include only articles and reviews and confining
the language of publication to English. As a result, the final
compilation of literature databases consisted of 763 retrieved
documents. Two authors independently conducted the literature
search and downloading tasks. The detailed retrieval process is
illustrated in Figure 1.

2.2. Data analysis

In this research, VOSviewer (v1.6.19), CiteSpace (v6.2.R4),
Tableau (version 10.5.0), and Microsoft Excel were utilized for
the analysis. VOSviewer,!'”! a software application, primarily
focuses on constructing and visualizing bibliometric networks.
It enables the creation and visualization of co-occurrence net-
works, emphasizing key terms extracted from scientific lit-
erature. CiteSpace provides dynamic visualizations to reveal
structural and temporal complexities in scientific domains.!'%!]
For comprehensive research and result validation, this study
integrated multiple software tools for mapping cooperation
networks (authors, institutions, and countries), keywords co-
occurrence, and clustering documents through co-citation, along
with coupling of literature sources. We use Tableau to track
publication trends and volumes in different countries. Tableau
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is a data visualization tool that facilitates comprehensive analy-
sis of scientific maps.

3. Results

3.1. Trends in publication outputs

During the period from 2013 to 2023, our research iden-
tified a total of 736 studies on targeted therapy in thyroid
carcinoma (TC), comprising 442 articles and 294 reviews.
The growth trend of annual research output is illustrated in
Figure 2, showing fluctuating but generally increasing num-
bers from 2013 to 2021, peaking in 2021 with 114 papers
— a significant rise compared to previous years. However, a
decline followed in 2022, with 97 papers making up 12.14%
of the total. In 2023, the number of publications recovered to
107, accounting for 13.39% of the total, suggesting renewed
research interest.

This publication trend aligns with the annual citation
frequency trends, also depicted in Figure 2. A notable cita-
tion peak occurred in 2016, with 11,144 citations. This
sharp rise was largely driven by the 2015 American Thyroid
Association Management Guidelines for Adult Patients with
Thyroid Nodules and Differentiated Thyroid Cancer,??”
authored by Haugen et al and published in Thyroid. As a
comprehensive update on thyroid cancer management, the
guidelines became a cornerstone reference in the field, heav-
ily cited in subsequent research. Between 2013 and 2014,
citation frequency steadily increased but began declining
after 2020, reaching a low of 270 in 2023. This decline may
be attributed to the slow citation accumulation of newer
publications and shifts in research focus. Together, these
trends highlight dynamic changes in academic output and
influence,'! with the 2016 citation peak and 2023 low
being particularly notable.

3.2. Geographical and institutional distribution

Publications related to targeted therapies for TC come from
55 countries and regions and 1159 institutions. According to
Table 1, The United States takes the lead with 263 papers, con-
stituting 27.25% of the total. China follows with 167 papers,
accounting for 17.31%. Other major contributors include Italy,
Germany, and France. Overall, publications from China, the
United States, and Italy collectively make up 55.34% of the
total output. Notably, these publications cover a wide range of
research methods and designs, from basic scientific research to

[ 799 studies identified from Web of Science Core Collection J

Excluded 73case report, 18 meeting
abstract, 17 editorial material, 7 early

[ 759 studies identified J

access, 4 letter, 2 book chapters, 2
retracted publication, 1 proceeding
paper and 1 reprint.

[ 736 studies identified J

[Excluded 23 non-English literatures. ]

[Visualization and analysis (VOSviewer, tableau and CiteSpace software) ]

Figure 1. Process for literature screening.



https://access.clarivate.com

Mao et al. ® Medicine (2025) 104:11

www.md-journal.com

Annual number of publications

120

A 11,144

100

80

66

59

57 57

60

40
30

62

Annual cited frequency

114 12000
107

97 10000

87
8000

63
6000

4000

3319

2 28 050 S 2000
" 1580 “1582 1430
#7883 e.gss
" e
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 2. Annual research output of targeted therapy in TC. TC = thyroid carcinoma.
Table 1
The top 10 countries and regions on research of targeted therapy in TC
Rank Country Publications Proportion of publications (%) Citations Citations per publications (%)
1 USA 263 27.25 18677 30.22
2 China 167 17.31 2568 416
3 Italy 104 10.78 11742 19.00
4 Germany 42 4.35 1328 2.15
5 France 39 4.04 9661 15.63
6 Japan 36 3.73 878 1.42
7 Spain 24 2.49 743 1.20
8 South Korea 23 2.38 666 1.08
9 Canada 22 2.28 9345 15.12
10 England 22 2.28 1094 1.77

TC = thyroid carcinoma.

clinical practice. The countries and regions exhibit a broad and
deep range of collaborative relationships. A total of 55 countries
and regions were included in this study, and Figure 3A illus-
trates the collaborative network involving these 55 countries
and regions, each contributing to the research landscape with at
least 1 publication. The size of the circle represents the number
of publications, while the color indicates the level of research
activity across different years. Figure 3B shows the world map
of publications, incorporating data from 20 countries and
regions, and depicts a varying distribution of research output
across different countries and regions, each with a minimum of
10 publications.

Figure 4 displays the institutional co-occurrence maps,
incorporating a total of 1159 institutions in this study. After
setting the minimum number of documents to 4, we are
left with 92 institutions, with a predominant number from
the United States, China, and Italy. The larger nodes sug-
gest institutions with a higher number of collaborations or
publications. The University of Texas MD Anderson Cancer
Centre published 53 papers, followed by the University of
Pisa and Memorial Sloan-Kettering Cancer Centre with 26
and 25 papers, respectively. The colors range from blue to
red, often indicating the evolution of these collaborations
over time, with blue being earlier and red being more recent.
This map provide a visual representation of the landscape of
institutional collaborations within a specific field or set of
publications. They can be particularly useful for identifying
key players, emerging trends, and the dynamics of research
collaborations over time.

3.83. Journals and co-cited journals

As depicted in Table 2 and Figure 5A, Cancers and Thyroid
prominently featured in the top 336 journals with 32 publica-
tions, followed by Frontiers in Endocrinology with 23 publica-
tions, and Frontiers in Oncology with 22 publications. Among
the top 10 journals, Thyroid firmly holds the top position with
the highest impact factor of 6, followed by Journal of Clinical
Endocrinology & Metabolism with 5. Figure 5A provides a
visual representation of 118 journals, each with more than 2
significant publications.By evaluating article connections, co-
citation analysis reveals journal impact through co-citation
frequency. Among the 3721 co-cited journals, 6 have exceeded
1000 citations. Table 3 illustrates that the Thyroid leads with
2822 citations, followed by Journal of Clinical Endocrinology
& Metabolism with 2770 and Journal of Clinical Oncology
with 2182. In the top 10, the New England Journal of Medicine
boasts the highest impact factor at 96.3, trailed by Annals of
Oncology at 56.7. According to the Journal Citation Report
2022, most of these highly cited journals fall under the Q1 cat-
egory. Figure 5B showcases a co-citation network map based on
a total of 3712 co-cited journals. By setting a minimum citation
threshold of 30,257 journals met the criteria and were included
in the visualization. This map aids researchers in identifying
pivotal journals crucial to their scholarly contributions, vividly
highlighting the concentrated influence and interconnectedness
within academic fields.

The dual-map overlay in Figure 6 provides a comprehensive
perspective by integrating data across different time points, diverse
topics, and correlations within the research field. This facilitates the
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Figure 3. Visualization of collaborating countries (A) and geographical collaboration map (B) pertaining to targeted therapy in TC. TC = thyroid carcinoma.

observation of changes, trends, and correlations, fostering a deeper
understanding of the dynamics within the research field. It assists
researchers in gaining insights into the development and evolution
of academic research. Two prominent citation trajectories are evi-
dent: the orange trajectory highlights that articles from Molecular/
Biology/Genetics journals are primarily cited by Molecular/Biology/
Immunology, while the green trajectory demonstrates the impact of
Medicine/Medical/Clinical citations on research from Molecular/
Biology/Genetics and Health/Nursing/Medicine journals.

3.4. Subject categories

To better understand the research landscape in TC-targeted
therapies, Figure 7 presents the category co-occurrence network

knowledge map, illustrating the relationships among key subject
categories identified in this study. The size of each node reflects
its frequency, with Oncology emerging as the most prominent
and central, emphasizing its dominant role in this area. The con-
nections between nodes indicate co-occurrence relationships,
illustrating the interdisciplinary nature of TC research. For
instance, Endocrinology and Metabolism and Biochemistry and
Molecular Biology show significant links to Oncology, underlin-
ing their collaborative roles in advancing research on targeted
therapies. Nodes highlighted with a purple outer ring represent
a betweenness centrality of at least 0.1, signifying their impor-
tance in bridging various research domains.??! Larger between-
ness centrality values, such as those observed for Oncology and
Pharmacology and Pharmacy, indicate a stronger influence in
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Figure 4. Visualization of research institutions (A) and the proportion of papers published by research institutions from 2013 to 2023 (B) related to targeted

therapy in TC. TC = thyroid carcinoma.

The top 10 productive journals related to targeted therapy in TC

JCR

Rank Journal Publications  IF(JCR2023)  quartile
1 Cancers 32 45 Q1
2 Thyroid 32 6 Q1
3 Frontiers in Endocrinology 23 3.9 Q2
4 Frontiers in Oncology 22 3.5 Q2
5 Endocrine-Related Cancer 21 4.1 Q2
6 International Journal of 17 49 Q1

Molecular Sciences
7 Endocrine 12 3 Q2
8 Expert Review of Antican- 1 29 Q2

cer Therapy
9 Oncology Letters 11 25 Q3
10 Journal of Clinical Endo- 10 5 a1

crinology & Metabolism

TC = thyroid carcinoma.

connecting multiple disciplines. These findings align with the
growing trend of interdisciplinary approaches in TC-targeted
therapy, which integrate knowledge across biological, pharma-
cological, and clinical fields. This analysis underscores Oncology
as the central research focus, with related disciplines playing
supporting roles to drive innovation. Future studies should
continue to strengthen these interdisciplinary connections to
facilitate breakthroughs in TC-targeted therapies and improve
clinical outcomes.

3.5. Authors and co-cited authors

Between 2013 and 2023, the domain of targeted therapies for
TC benefited from the contributions of a total of 4309 authors.
The top ten authors, outlined in Table 4, are spearheaded by
Cabanillas, Maria E. with 29 publications. Antonelli, Alessandro
closely follows with 17 publications, and Busaidy, Naifa L. also
with 17 publications. A more in-depth analysis reveals a diverse

geographical distribution among these leading authors, with
Italy boasting the majority at 5 authors, the United States with 4
authors, and France with 1 author each. To describe the collab-
oration among these researchers, we used VOSviewer software
for visualization, setting the minimum number of documents to
3. Each node represents an author, resulting in Figure 8A. To
depict the collaboration among these researchers, we employed
VOSviewer software to visualize the network, where each node
represents an author. Thicker lines indicate more substantial
collaboration, and different colors denote various publication
years. Figure 8B presents a co-citation network of authors, high-
lighting the most frequently co-cited scholars in the field. Out
of 21,901 co-citation authors, we set the minimum document
count to 40, resulting in 96 authors displayed. Leading this list
is Schlumberger, Martin, with 389 citations, trailed by Brose,
M. S., with 360 citations, and Cabanillas, Maria E., with 338
citations — all summarized in Table 4.

3.6. Co-cited references and reference with citation bursts

Between 2013 and 2023, we amassed a total of 31,740 co-cited
references related to TC-targeted therapies. As shown in Figure 9,
we set the minimum threshold at 25 co-citations, resulting in a
total of 112 references being included in the visualization. To
address the frequent citation of specific papers, we constructed
co-citation networks and identified conceptual clusters. Table 5
presents the top 10 co-cited references, led by the study from
Schlumberger, Martin et al®¥! this study finds that lenvatinib sig-
nificantly improves progression-free survival and response rates
in patients with thyroid cancer refractory to iodine-131, though
it also increases adverse effects.

Citation bursts are a sudden and significant increase in the
number of citations to a particular paper or research area over
a period of time.”** This phenomenon is significant in the eval-
uation and tracking of scientific research and can help identify
the focus of academic attention. Using CiteSpace, we found 191
references in the field of TC targeted therapies that exhibited a
significant citation burst. Figure 10 illustrates the top 25 refer-
ences where the outbreak was most pronounced. The paper by
Brose MS®! mentioned above shows a maximum citation burst
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Figure 5. Visualization of contributing journals (A) and co-cited journals (B) in targeted therapy in TC. TC = thyroid carcinoma.

intensity of 22.44 reached between 2015 and 2019. The citation ~ were required for each keyword. Figure 11A illustrates a net-
bursts for these references initially occurred in 2009 and ranged ~ work visualization map that displays the connections between
in intensity from 9.09 to 22.44, with durations ranging from 1~ keyword co-occurrences. The degree of brightness corresponds
to 4 years. to the frequency of keyword occurrences. In addition to key-
words related to the title of this article, high impact keywords
include tyrosine kinase inhibitors (TKIs), anaplastic thyroid car-
cinoma and differentiated thyroid cancer.

In Figure 11B, cluster analysis via CiteSpace yielded 9 clus-
The keywords succinctly summarize the basic concepts of the  ters, which are detailed in Figure 11B, ranging from “tyrosine
paper and summarize the core areas of the study. We analyzed  kinase inhibitors” to “molecular mechanisms.” The modularity
1541 author keywords from 736 documents with VOSviewer, of ~ (Q) value above 0.3 and silhouette (S) value above 0.7, obtained
which 112 met the minimum criteria, i.e., at least 3 documents  in our analysis (Q = 0.338, S =0.7031), affirm the robustness

3.7. Hotspots and frontiers
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and significance of these clusters. Top 25 keywords with the
strongest citation bursts are shown in Figure 11C, meaning key-
words with a sharp increase in citations over a certain period
of time, with the intensity of the bursts indicated, along with
the corresponding start and end years. In recent 5 years, the
most popular keywords included “dabrafenib,” “radioactive
iodine,” “association guidelines,” “positive solid tumors,” and
“invassion.”

4. Discussion

Conventional radiotherapy and chemotherapy are limited in
the treatment of TC. Therefore, many studies have shifted their
focus to targeted therapies with the aim of exploring more effec-
tive treatment strategies. In recent years, extensive research has
been focused on delving into the field of targeted therapy for
TC. Despite the continued emergence of research findings on
this field, there is still a gap in publications centered on biblio-
metrics. Therefore, to fill this gap, this study conducted a biblio-
metric and visualization analysis of medical papers on targeted
therapy for TC from 2013 to 2023. This study examines 763
publications, investigating essential aspects such as publication
trends, geographic distribution, institutions, journals, authors,
citations, key hotspots, and noteworthy perspectives within the
realm of targeted therapy for TC. This offers a more compre-
hensive research perspective in the field.

Top 10 journals for co-citation of targeted therapy in TC

JCR
Rank Cited journal Citation IF(JCR2023) quartile
1 Thyroid 2822 6 Q1
2 Journal of Clinical Endo- 2770 5 Q1
crinology & Metabolism
3 Journal of Clinical 2182 421 Q1
Oncology
4 Clinical Cancer Research 1422 104 Q1
5 New England Journal of 1342 96.3 a1
Medicine
6 Cancer Research 1147 12.5 Q1
7 Endocrine Related Cancer 881 41 Q02
8 Annals of Oncology 679 56.7 Q1
9 Cancer 679 6.1 Q1
10 Oncogene 660 6.9 Q1

TC = thyroid carcinoma.
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Assessing research strength through publication and citation
metrics spotlights the United States as a leader in TC-targeted
therapy, with significant contributions from 2013 to 2023.
Visualized collaboration data reveals a strong partnership
between top contributing countries, especially the U.S., China,
and Italy. The presence of leading U.S. institutions like MD
Anderson and Sloan-Kettering in global research dialogs high-
lights America’s key role in pioneering TC therapies and driving
international research collaboration.

Between 2013 and 2023, research on TC targeted therapy
was notably published across 336 journals. Cancers led with 32
papers, followed by Thyroid and Frontiers in Endocrinology.
The field’s interdisciplinarity is evident from co-citation anal-
ysis, showing significant cross-disciplinary engagement, partic-
ularly in surgery, endocrinology, and genetics. This highlights
the growing need for interdisciplinary collaboration to enrich
research perspectives. As an emerging research direction, the
relatively modest number of papers addressing targeted therapy
for TC can be attributed to the nascent stage of the field and
the inherent characteristics of the research cycle. As the research
deepens and the field matures, we anticipate that pertinent stud-
ies will progressively accumulate, contributing significantly to
the advancement of TC targeted therapy.

Analyzing scholars in the field allows us to understand the
academic landscape comprehensively, helping identify represen-
tative and core players. Studying their achievements deepens
our grasp of their unique contributions and innovations. This
not only clarifies research focus and hotspots but also guides
the discipline’s strategic development. As shown in Table 4 and
Figure 8A, Prof Cabanillas, Maria E is a leader in article pub-
lication, which highlights his prominent impact in the field of
TC-targeted therapies. According to Web of Science, Professor
Cabanillas, Maria E works at the University of Texas MD
Anderson Carcinoma Center in the areas of endocrinology and
metabolism, oncology, and biology, among others. In 2018, he
published an article in the Journal of Clinical Oncology with a
paper titled “Dabrafenib and Trametinib Treatment in Patients
With Locally Advanced or Metastatic BRAF V600-Mutant
Anaplastic Thyroid Carcinoma,”?% a paper that made a signifi-
cant contribution to research on targeted therapies for TC. This
study reported the efficacy and safety of combination therapy
with dabrafenib (BRAF inhibitor) and trametinib (MEK inhib-
itor) in BRAF V600E-mutated anaplastic thyroid carcinoma
(ATC). Previously, treatment options for ATC were quite lim-
ited, and specific targeted therapies were lacking in the clinic.
This study fills the gap in the systemic treatment of ATC with
the BRAF V600E mutation, providing a clinically beneficial
treatment option for this rare carcinoma. As shown in Table 4

Figure 6. The dual-map overlay of journals for targeted therapy in TC. TC = thyroid carcinoma.
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Top 10 authors and co-cited authors on research of targeted therapy in TC

Rank Authors Location Publications Co-cited authors Location Citations
1 Cabanillas, Maria E. USA 29 Schlumberger, Martin France 389
2 Antonelli, Alessandro Italy 17 Brose, M. S. USA 360
3 Busaidy, Naifa L. USA 17 Cabanillas, Maria E. USA 338
4 Fallahi, Poupak Italy 16 Xing, Mingzhao China 283
5 Ferrari, Silvia Martina [taly 14 Subbiah, Vivek USA 280
6 Dadu, Ramona USA 11 Wells, Samuel USA 267
7 Materazzi, Gabriele [taly 1hl Elisei, Rossella [taly 237
8 Subbiah, Vivek USA 11 Bible, Keith C. USA 214
9 Schlumberger, Martin France 10 A Antonelli, Alessandro [taly 195
10 Ulisse, Salvatore [taly 10 Nikiforov, YE USA 191

TC = thyroid carcinoma.

and Figure 8B, Prof Schlumberger, Marti at the Gustave Roussy
Institute is recognized for his contributions to the field of tar-
geted therapy for TC, and his research has been widely cited.
The number of citations is 447, reflecting the importance of his
research in the international academic community. He was a
major contributor to Lenvatinib versus Placebo in Radioiodine-
Refractory Thyroid Carcinoma, a phase 3 study investigating
the oral inhibitor lenvatinib,'?*! which targets a variety of recep-
tors, and which demonstrated significant therapeutic benefits in
iodine-refractory thyroid carcinoma (IRTC). advantage. Prof
Schlumberger, Marti has been involved in the writing of several
guidelines. 2027281

Co-citation analysis is pivotal for identifying impactful
research and establishing the network within the academic com-
munity, aiding in literature searches and highlighting research
trends in TC targeted therapies. Figure 9 and Table 5 reveal
a focus on influential trials and guidelines shaping treatment
approaches, particularly for challenging differentiated thyroid
carcinoma cases like iodine-refractory and metastatic types.

Studies on targeted agents, including Sorafenib and Lenvatinib,
illustrate their significant role in improving patient outcomes.
This underlines the importance of integrated strategies and
multi-agent therapies in managing TC, reinforcing the ongoing
need for innovative treatments and informing future research
directions in the field.

Co-cited references serve as a crucial tool for assessing
impact, pinpointing research hotspots, establishing disciplinary
networks, and conducting literature searches. This facilitates a
comprehensive understanding of the structure and dynamics
of the academic community, fostering interdisciplinary coop-
eration and disciplinary development. As depicted in Figure 9
and Table 3, these publications collectively center on targeted
therapies for TC and encompass a variety of widely referenced
studies. Firstly, they represent crucial clinical trials or guide-
lines that furnish the medical community with vital insights
into treatment strategies and management. Secondly, these
works concentrate on diverse forms of differentiated thyroid
carcinoma, including iodine-refractory, locally advanced, or
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Figure 8. Visualization of authors (A) and co-cited authors (B) on research of targeted therapy in TC. TC = thyroid carcinoma.

metastatic cases, underscoring the pivotal role of targeted ther-
apy in such scenarios. Lastly, these studies involve a spectrum
of targeted agents, such as Sorafenib, Vandetanib, Lenvatinib,
Cabozantinib, etc.1?325262931 Moreover, several of them under-
score the clinical effectiveness of targeted therapies and their
impact on patient survival, providing substantial evidence to
enhance patient prognosis.?l This emphasizes the critical role of
comprehensive treatment strategies and multi-targeted interven-
tions in the management of TC. The comprehensive nature of
these contributions reflects the pressing need for more effective

TC treatments within the academic community. Additionally, it
offers valuable guidance for future research and clinical prac-
tices, thereby establishing a solid foundation for the advance-
ment of targeted therapy in the TC field.

The “top 25 references with the strongest citation bursts”
are commonly used to identify studies in a specific academic
field that have received considerable attention during a certain
period, often indicating research hotspots or significant scien-
tific advancements The marked citation bursts of Brose MS et
al’s 2014 paper signal its major impact, potentially offering
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Figure 9. Visualization of co-cited references of targeted therapy in TC. TC = thyroid carcinoma.

groundbreaking clinical trial results that reshaped TC targeted
therapy practices. Agrawal N et al’s work, starting its citation
surge later, likely contributed novel genomic understandings,
influencing research directions. Haugen BR et al’s guidelines,
with sustained citations through 2021, reflect their compre-
hensive approach to thyroid cancer management, continuing
to influence diagnostic and treatment strategies. These studies
are milestones in the TC field, not just filling existing knowl-
edge gaps but also forging new paths for research and clinical
management, reflected in their substantial citation intensities
and periods of influence. Their continued relevance in citations
underscores their transformative role in the evolving landscape
of TC targeted therapies.

10B shows a keyword cluster analysis map of the scientific
literature, where keywords are grouped into clusters, each rep-
resenting a set of closely related topics or concepts. This type
of analysis is valuable for identifying research trends, discover-
ing potential research gaps, and providing guidance for future
research directions. The keywords in the image can be catego-
rized based on the type of research focus they represent in the

field of TC:

4.1. Types of medications and mechanisms of action

This theme is a cluster of keywords for Treatment and
Therapy includes “TKIs”, “BRAF mutations,” and “Molecular
Mechanisms.” TKIs and BRAF mutations are components of
molecular mechanisms that influence cell signal pathways and
the molecular regulation of tumor development.

Carcinoma is almost always caused by dysregulated cell
signaling pathways leading to uncontrolled proliferation.
Tyrosine kinases-receptors catalyze the transfer of phosphate
groups from adenosine triphosphate (ATP) to hydroxyl groups
in the tyrosine residues of proteins.?¥ ' TKIs as a newly developed
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class of drugs, are able to block the proliferation of malignant
cells by competitively binding to the tyrosine kinases-receptors
at the ATP binding pocket site.?s) “TKIs” play a pivotal role
in the treatment of TC, particularly in the targeted therapy of
IRTC, medullary thyroid carcinoma and ATC.12%:36:37]

These drugs act by inhibiting the activity of tyrosine kinases,
which are enzymes that play a central role in the activation
of several key signaling pathways within carcinoma cells. The
pathways affected include the MAPK/ERK pathway, regulated
by “ras” gene mutations and controlling cell proliferation and
differentiation®¥; the PI3K/AKT/mTOR pathway, associated
with cell survival and metabolism®>#; the VEGF/VEGFR
pathway, which is key for angiogenesis*!l; the RET signaling
pathway, critical in specific types of TCs like medullary thy-
roid carcinoma.“>*! Abnormal increases in the activities of
tyrosine kinases such as VEGFR, EGFR, and RET are often
found in the development of TC. These multi-targeted tyrosine
kinase inhibitors, including Sorafenib, Vandetanib, Lenvatinib,
and Cabozantinib, effectively target and inhibit these overac-
tive kinases, thereby suppressing tumor growth and offering
a more precise and personalized treatment option for thyroid
carcinoma.?>?%2#1 TKIs disrupt these kinases, curtailing tumor
growth and offering a more precise, personalized treatment
approach. This targeted intervention is vital in managing TC
by addressing the specific molecular abnormalities driving its
growth.

BRAF mutations, particularly the V60OE mutation, play a
critical role in the pathogenesis of TC.1*I This specific mutation
results in a substitution of valine (V) by glutamic acid (E) at
the 600th position in the BRAF protein, leading to its consti-
tutive activation.*) Normally, BRAF is a part of the MAPK/
ERK signaling pathway, which controls cell division and dif-
ferentiation.*”? However, when mutated, BRAF leads to uncon-
trolled cell proliferation by continuously signaling cells to grow
and divide, even in the absence of external growth signals.*!
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Ranking of the top 10 co-cited references for targeted therapy in TC

Rank Reference Citation  Year First author Journal
1 Lenvatinib versus Placebo in Radioiodine-Refractory Thyroid Cancer 156 2015 Schlumberger, Martin - New England Journal of
Medicine
2 Sorafenib in radioactive iodine-refractory, locally advanced or metastatic differentiated thyroid 152 2014 Brose, Marcia S. Lancet
cancer: a randomized, double-blind, phase 3 trial
3 Vandetanib in Patients With Locally Advanced or Metastatic Medullary Thyroid Cancer: A Ran- 130 2012 Wells, Samuel A., Jr.  Journal of Clinical
domized, Double-Blind Phase Il Trial Oncology
4 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid 123 2016 Haugen, Bryan R. Thyroid
Nodules and Differentiated Thyroid Cancer The American Thyroid Association Guidelines Task
Force on Thyroid Nodules and Differentiated Thyroid Cancer
5 Integrated genomic characterization of papillary thyroid carcinoma 113 2014 Agrawal, Nishant Cell
6 Genomic and transcriptomic hallmarks of poorly differentiated and anaplastic thyroid cancers 100 2016  Lancia, Inigo Journal of Clinical
Investigation
7 Cabozantinib in progressive medullary thyroid cancer 99 2012  Elisei, Rossella Journal of Clinical
Oncology
8 Dabrafenib and Trametinib Treatment in Patients With Locally Advanced or Metastatic BRAF 97 2018  Subbiah, Vivek Journal of Clinical
V600-Mutant Anaplastic Thyroid CancerDabrafenib and Trametinib Treatment in Patients With Oncology
Locally Advanced or Metastatic BRAF V600-Mutant Anaplastic Thyroid Cancer
9 Long-term outcome of 444 patients with distant metastases from papillary and follicular thyroid 91 2006  Durante, C. Journal of Clinical
carcinoma: Benefits and limits of radioiodine therapy Endocrinology &
Metabolism
10 Selumetinib-Enhanced Radioiodine Uptake in Advanced Thyroid Cancer 89 2013 Ho, Alan L. New England Journal of

Medicine

TC = thyroid carcinoma.

Top 25 References with the Strongest Citation Bursts
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Figure 10. The top 25 references with strong citation bursts of targeted therapy in TC. TC = thyroid carcinoma.

Drugs that target BRAF mutations, known as BRAF inhibitors,
are designed specifically to bind to the ATP-binding site of the
mutated BRAF protein, effectively inhibiting its kinase activ-
ity.¥! This inhibition stops the abnormal growth signal that
the mutant protein would otherwise send, thereby halting the

11

proliferation of cancer cells. Examples of such drugs include
vemurafenib and dabrafenib. A study found that vemurafenib
treatment increased RAI uptake in patients with IRTC, lead-
ing to tumor regressions. The drug’s efficacy is linked to its
inhibition of the MAPK pathway, resulting in upregulated
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C Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2013 - 2023
phase ii trial 2013 7.1 2013 2015
phase if 2013 6.52 2013 2014
sorafenib 2013 5.24 2013 2015
growth factor receptor 2013 3.86 2013 2017
multiple endocrine neoplasia 2013 349 2013 2014
renal cell carcinoma 2013 3.08 2013 2014
kinase inhibitors 2013 2.77 2013 2015
medullary thvroid carcinoma 2013 274 2013 2014
genetic alterations 2013 2.72 2013 2014
braf(v600e) mutation 2014 437 2014 2017
ret protooncogene 2014 4.07 2014 2017
high prevalence 2014 3.18 2014 2016
in vivo 2014 3.01 2014 2018
papillary carcinomas 2014 29 2014 2016
endothelial growth factor 2014 6.53 2015 2017
papillary thyroid carcinoma 2013 3.15 2015 2018
vemurafenib 2016 2.00 2016 2019 —
lung cancer 2016 298 2016 2018 —
lenvatinib 2018 3.34 2018 2020 e —
cells 2016 3.53 2019 2020 —
invasion 2019 3.09 2019 2023 e
positive solid tumors 2021 3.94 2021 2023 —
association guidelines 2016 3.64 2021 2023 N—
radioactive iodine 2014 3.55 2021 2023
dabrafenib 2021 3.02 2021 2023 e

Figure 11. Visualization of keywords (A), keyword clusters (B), and top 25 keywords (C) with the strongest citation bursts on research of targeted therapy in

TC. TC = thyroid carcinoma.

thyroid-specific gene expression.’! In a recent clinical phase II
trial, dabrafenib combined with trametinib demonstrated effi-
cacy in treating ATC, achieving an overall response rate of 56%
among 36 patients and a median duration of response of 14.4
months.’! This precision makes BRAF inhibitors an invaluable
component of personalized cancer treatment strategies, offering
hope to patients with previously difficult-to-treat or advanced-
stage cancers.
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4.2. Specific pathological states and drug responses

This section explores 4 clusters: “Drug Resistance,” “Metastasis,”
“Non-Small Cell Lung Cancer (NSCLC),” and “Larotrectinib.”
While each focus on distinct challenges, they interlink through
shared treatment strategies, highlighting the intricate nature of
cancer therapy.

Drug resistance continues to be a major hurdle in the
treatment of cancers,’>%! including TC. Understanding and
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overcoming drug resistance is crucial for enhancing therapeutic
outcomes and is a key focus of current cancer research. This
area of study is essential for developing novel strategies that can
prevent or circumvent resistance, ultimately improving patient
survival rates.

While lymph node metastasis is common in TC,551 dis-
tant metastases, particularly to the lung, brain and bones,
are less frequent but significantly worsen prognosis.>>¢!
Pulmonary metastases, often asymptomatic initially, are
detected through elevated thyroglobulin levels or imaging.s”!
Research has identified specific signaling pathways and cell-
cell interactions, such as the TGF-beta pathway’s role in pro-
moting epithelial-to-mesenchymal transition, that facilitate
the migration of cancer cells from the primary tumor site
to distant organs.*$*? Epithelial-to-mesenchymal transition
enables thyroid cancer cells to gain migratory and invasive
properties, aiding their spread to other parts of the body.
Future research in targeted therapy for thyroid cancer should
continue to explore these pathways and interactions, focus-
ing on the development of new inhibitors to better manage
and potentially prevent metastasis, thereby improving out-
comes for patients.

Research in NSCLC significantly informs targeted ther-
apies for thyroid cancer, particularly due to shared resis-
tance mechanisms in molecular pathways. The use of TKIs
in NSCLC, effective against mutations like EGFR and
ALK, offers a model for overcoming similar resistance in
thyroid cancers.[®%¢!l This interrelation highlights the value
of molecular profiling in personalizing cancer treatment,
allowing for therapies tailored to specific genetic markers.
Leveraging NSCLC research can thus enhance outcomes in
TC by improving our understanding and treatment of drug
resistance.

With central nervous system activity, Larotrectinib is a
highly selective and potent TRK inhibitor.”! These genetic
anomalies are rare but critical drivers of tumorigenesis and
are often not amenable to conventional therapeutic modal-
ities. By inhibiting TRK proteins that arise from NTRK
fusions, Larotrectinib directly intervenes in the molecular
pathways essential for tumor cell survival and proliferation,
thereby offering a targeted therapeutic option.!®3! Several
studies have shown!®**! that Larotrectinib offers potentially
durable responses and a new treatment paradigm that could
reduce reliance on more invasive and burdensome conven-
tional therapies. The development and application of targeted
therapies like Larotrectinib expand treatment possibilities for
thyroid cancer patients, enabling more individuals to benefit
from precision medicine tailored to specific genetic profiles.
Such stratification enhances the efficacy of treatment regi-
mens, reflecting a significant shift towards individualized can-
cer therapy based on specific molecular characteristics, and
represents a substantial advancement in the therapeutic land-
scape for TC and beyond.

4.3. Specific types of cancer

This part includes only one cluster: “ATC.” ATC stands
out as a rare yet notably aggressive variant, notoriously
resistant to conventional treatments, thus highlighting
the urgent need for groundbreaking, targeted therapeutic
research. Due to certain features in the molecular mecha-
nisms of undifferentiated thyroid carcinoma, such as ele-
vated levels of programmed cell death-ligand 1/programmed
death-ligand 1 and increased neoangiogenesis via VEGFR/
FGEFR signaling, the combination of targeted therapies with
immunotherapy has emerged as a new focal point.[*¢-¢%! For
instance, combining lenvatinib with pembrolizumab has
indicated a more effective treatment approach compared to
single-agent immunotherapy.!*”
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5. Limitation

The limitations of this study are that the literature analyzed
was obtained only from WOSCC and only English publica-
tions were considered. The type of literature covered in this
study was limited to articles and reviews. Although this study
included all pathologic types of TC, it was not meticulously
categorized, which may have biased the data. In addition,
bibliometric studies need to be updated to reflect the latest
research trends.

6. Conclusions

This study summarizes worldwide research trends on targeted
therapy for TC. In this context, the journal Cancers published the
most relevant research results. The United States are at the fore-
front of this research field, also in citation count. The University
of Texas MD Anderson Carcinoma Center has made notable
contributions, publishing a large number of relevant papers. The
research frontiers mainly cover specific types of TC, targeted
therapies, and drug development. The bibliometric analysis in
this paper provides an overview of the current state of research
in targeted therapies for TC, identifying key research contribu-
tions, trends, and potential directions for future research.
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