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Abstract

Papillary thyroid carcinoma (PTC) is the most common type of thy-
roid cancer and one of the major diseases of endocrine malignancies
worldwide. Its occurrence and progression are closely related to com-
plex immune mechanisms, especially the dynamic changes of the tu-
mor immune microenvironment. With the deepening of research, the
interaction between PTC and the immune microenvironment has be-
come a research focus in this field. In order to systematically evaluate
the development trend of this field, this study used bibliometric meth-
ods to screen 180 relevant documents as of November 23, 2024 based
on the Web of Science Core Collection (WOSCC) database, and used
Bibliometrix R package and Citespace for data analysis and visuali-
zation. The analysis results showed that China and the United States
were the main contributors to this field. Frontiers in Endocrinology
was the journal with the highest number of publications, followed by
Endocrine-Related Cancer and Frontiers in Immunology. In terms of
authors, ZHANG W ranked first with seven articles, and LI X and
WANG Y were the main contributors. Keyword analysis showed that
“long noncoding RNAs” and “immune microenvironment” were the
core themes of the research. Through bibliometric analysis in the field
of PTC immune microenvironment, this study revealed the research
hotspots, core countries, institutions, authors, and journals, clarified
the direction and development trend of future research, and provided
important academic reference for further exploration of PTC immune
mechanisms and their clinical applications.
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Introduction

Papillary thyroid carcinoma (PTC) is the most common thy-
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roid malignancy, accounting for more than 80% of thyroid
cancers, and its incidence has continued to rise in recent years
[1-3]. Although PTC generally has a good prognosis and can
achieve a high cure rate through surgical treatment, some pa-
tients still face clinical challenges such as tumor recurrence
[4], drug resistance, and metastasis. In particular, the treatment
effect is significantly limited in certain high-risk patients.
Studies have shown that the occurrence of these clinical prob-
lems is closely related to the immune microenvironment of the
tumor, and changes in the immune microenvironment may be
an important factor affecting the treatment effect and progno-
sis of PTC [5].

The tumor immune microenvironment (TME) refers to
the complex cellular and molecular environment surround-
ing tumor cells, including infiltrating immune cells, blood
vessels, extracellular matrix (ECM), and secreted cytokines
and chemical factors. This environment not only directly af-
fects the occurrence and development of tumors, but also
plays an important role in the tumor’s response to treatment
[6, 7]. Immune cells in the immune microenvironment, such
as tumor-infiltrating lymphocytes (TILs) [8], tumor-associated
macrophages (TAMs) [9], dendritic cells (DCs) [10], and their
interactions with tumor cells have an important impact on tu-
mor immune escape, drug resistance, and metastasis. The im-
mune microenvironment is not only reflected in the interaction
between immune cells and tumor cells, but also includes the
functional state of immune cells, the activation of immune es-
cape mechanisms [11], and changes in cytokines and chemical
factors [12]. In addition, the role of non-immune cell compo-
nents such as cancer-associated fibroblasts (CAFs) [13] and
vascular endothelial cells [14] cannot be ignored. The active
participation of these cells in the TME further promotes the
malignant progression of tumors.

In recent years, more and more studies have revealed the
key role of the immune microenvironment in tumor immune
escape, drug resistance, and metastasis. In PTC, tumor immune
escape is usually manifested as a dual function of immune
cells. On the one hand, immune cells help tumors escape the
host’s immune surveillance by secreting immunosuppressive
factors or inhibiting immune responses; on the other hand, cer-
tain cells in the immune microenvironment, especially TAMs,
may also support the continued development of tumors by pro-
moting tumor growth and metastasis [11, 15]. The functional
status of TILs is also crucial to the immune escape and treat-
ment response of PTC. Studies have shown that the number,
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subpopulation distribution, and activity of TILs in the TME
may be important factors in determining tumor immune escape
and drug resistance [16]. Therefore, in-depth research on the
functions and interactions of different cell populations in the
immune microenvironment will help us better understand the
immune escape mechanism of PTC and provide a theoretical
basis for the development of new treatment strategies.

In order to more comprehensively understand the current
status of research on the immune microenvironment of PTC
and evaluate its role in tumor immune escape, drug resistance,
and metastasis, this paper will systematically sort out and
analyze the relevant publications, institutions, authors, and
keywords of the immune microenvironment of PTC through
bibliometric analysis, so as to provide theoretical basis and re-
search direction for subsequent research.

Bibliometrics evaluates the generation, dissemination, and
impact of scientific research literature through quantitative and
statistical analysis methods, mainly involving the collection
and organization of bibliographic data [17]. This method is
widely used to identify the influence of research results, evalu-
ate scientific research productivity, track academic dissemina-
tion and changes in its impact, and reveal scientific research
trends and interdisciplinary cooperation, providing a basis for
resource allocation and strategic decision-making of scientific
research institutions [18]. With the increase in research litera-
ture on the immune microenvironment of PTC, bibliometrics
will provide continuous support for the development direction
and academic influence of this field.

This study evaluated the current understanding of the
immune microenvironment of PTC through bibliometric
analysis, revealing the research trends and shortcomings in
this field. Existing studies have shown that the immune mi-
croenvironment plays an important role in tumor immune
escape, treatment response, and drug resistance. In particu-
lar, immune cell infiltration and cytokine expression have
a profound impact on tumor biological behavior. Although
regulating the immune microenvironment has the potential
to improve treatment efficacy, existing literature emphasizes
that in-depth exploration of the mechanism of action of the
immune microenvironment in PTC is still key. By integrating
existing results, this study aims to fill the gap in the literature,
provide researchers, clinicians, and policy makers with the
latest theoretical overview, and provide a scientific basis for
future optimization of treatment strategies, clinical practice,
and public health policies.

Methods

Data collection

This study used the Web of Science Core Collection (WO-
SCC) as the data source to ensure comprehensive and accurate
retrieval. The selected index databases were SCI-EXPANDED
and SSCI. To minimize bias from database updates, all data
were exported on November 11, 2024. The search covered the
period from January 1, 2010, to November 23, 2024, and was
limited to English-language original articles and reviews. The

search strategy was: (TS = (papillary thyroid carcinoma OR
thyroid papillary carcinoma OR thyroid carcinoma, papillary
OR papillary thyroid cancer OR thyroid papillary cancer OR
thyroid cancer, papillary) AND TS = (immune microenviron-
ment)) AND LA = (English). A total of 180 relevant publica-
tions were identified, including 151 original research articles
and 29 reviews. Web of Science was chosen as the primary
database because it indexes over 12,000 academic journals
worldwide and offers robust and reliable tools for bibliometric
analysis [19].

Data analysis

Bibliometric analysis was performed using R (v4.0.17) [20],
Tableau [21], CiteSpace [22], and Excel. Author publication
counts were calculated with the Bibliometrix R package [23].
Tableau was used to generate national publication maps, while
CiteSpace was applied to visualize international collaboration
networks, journal dual maps, and institutional co-occurrence
networks. Keyword co-occurrence networks, burst term maps,
and thematic clusters were also constructed using CiteSpace.
Publication trends were analyzed using an exponential growth
model in Excel [24].

Results

Publication status

As shown in Figure 1, this study included 180 documents,
of which 151 were research articles (accounting for 83.9%)
and 29 were reviews (accounting for 16.1%). Figure 2 shows
the annual number of publications and the cumulative num-
ber of publications related to the immune microenvironment
of PTC. It gradually increased from two articles in 2010 to
eight articles in 2015. Then in the next 9 years, the number of
articles published increased significantly, and by 2024, the cu-
mulative number of articles published reached 180. Using an
exponential growth function analysis, there was a significant
correlation between the number of publications and year (R =
0.9848), indicating that the field has experienced rapid growth
and development in recent years.

Country/region publications analysis

This study analyzed the number of national publications in the
field of immune microenvironment in PTC. The results show
that China ranks first with 105 articles, followed by the United
States (27 articles), Italy (21 articles), South Korea (11 articles),
Japan (nine articles), and Brazil (six articles). The number of
articles published by other countries is low (n = 5) (Fig. 3a).
Figure 3b shows the structure of the international aca-
demic collaboration network from 2010 to 2024. The United
States occupies a core position in this network and exhibits
extensive international cooperation, especially with close ties
with European countries such as Germany, the United King-
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Figure 1. Flowchart of the study.

dom, and France. Although China’s nodes are large, indicat-
ing its growing influence in the academic field, its coopera-
tive links with other countries are relatively limited, mainly
concentrated in a few countries such as Japan, Singapore, and
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Figure 2. Number of publications per year and the cumulative number.

the United States. Other important nodes, such as Japan, Ger-
many, and the United Kingdom, also show stable cooperative
relationships.

Judging from the time evolution trend, China’s nodes are
gradually turning red, indicating that its activity in internation-
al cooperation has significantly increased. However, compared
with the United States, although China’s academic influence
continues to increase, the scope and frequency of its interna-
tional cooperation are still relatively limited. The United States
not only occupies a central position in the cooperation network,
but also maintains close and extensive cooperation with many
European countries. Some emerging countries (such as Egypt,
Saudi Arabia, etc.) have low participation in international co-
operation, indicating that their cooperation networks are still in
the development stage. Generally speaking, the international
cooperation pattern dominated by the United States is gradu-
ally emerging, and China is strengthening its participation in
global academic exchanges.
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Figure 3. (a) Each country’s contribution to the immune microenvironment. (b) Mapping of cooperation networks between coun-
tries (regions).
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Figure 4. Mechanism co-occurrence of the immune microenvironment.

Analysis of institutional publications

As shown in Figure 4, the node size represents the amounts of
articles published by the organization, the connection reflects
the intensity of cooperation, and the color from blue (early) to
yellow (recent) shows the time evolution trend. Tianjin Medi-
cal University, China Medical University, Fudan University,
and Harvard University are the core nodes, highlighting their
high volume of publications and extensive cooperation net-
work in the research field. Tianjin Medical University occu-
pies a key position in domestic and international cooperation,
while China Medical University demonstrates its academic
contributions through a more independent research network.
The network analysis results show that higher modularity (Q
=0.7241) and silhouette coefficient (S = 0.8783) indicate that the
network has a clear modular structure and significant clustering
effect. There is close cooperation within the module and strong
independence between modules. The time evolution trend shows
that in recent years, domestic institutions such as Tianjin Medical
University have gradually become more active in international
cooperation, reflecting the increase in their academic influence.
At the same time, Harvard University and its affiliated institu-
tions (such as Massachusetts General Hospital and Harvard
Medical School) have formed a dense cooperation network with
other universities, emphasizing the important role of interna-
tional academic exchanges in promoting the development of re-

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ | https://jem.elmerpub.com

search fields. This figure reveals the cooperation model and time
evolution trend of core institutions, providing an important ref-
erence for future academic cooperation and research directions.

Journal analysis

Journal double chart analysis

The journal dual chart shows the knowledge flow pattern be-
tween citing journals and cited journals. The left side shows
the cluster of citing journals, the right side shows the cluster of
cited journals, and the citation curve in the middle shows the
direction of knowledge flow. The longer the vertical axis of the
ellipse, the more papers the journal publishes, and the longer
the horizontal axis, the more authors there are. Analysis shows
that the citation path is mainly divided into green and yellow
paths: citing journals are mainly concentrated in the fields of
molecular biology, immunology, and clinical medicine, while
cited journals are concentrated in the fields of molecular biology
and genetics. The green path shows that basic life sciences such
as immunology provide key theoretical support for genetic re-
search; the yellow path reveals the practical application of clini-
cal medicine research in genetic research. Overall, it reflects the
close collaboration between basic and applied research in the
field of life sciences, as well as the characteristics of interdis-
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Figure 5. Double graph overlay analysis of citing and cited journals.

ciplinary knowledge flow, and provides an important reference
for research trends and academic cooperation models (Fig. 5).

Analysis of publication quantity and journal impact

Table 1 shows the number of articles, impact factors (IF) [25],
and JCR [26] divisions of core journals, revealing research
hotspots and major journals for submission. Frontiers in Endo-
crinology ranks first with 15 articles (IF = 3.9, Q2 division),
highlighting the key position of endocrinology in this field.
Endocrine-Related Cancer, Frontiers in Immunology, and Fron-
tiers in Oncology published eight articles each, among which
Frontiers in Immunology had the highest IF (5.7, Q1 division),
showing the importance of research in immunology and oncol-
ogy. Cancers and Frontiers in Cell and Developmental Biology
published six articles each, and the IFs were both over 4.5 (Q1
division), emphasizing the academic influence of oncology and
cell biology. Overall, most journals are in the Q1 and Q2 divi-
sions (such as Journal of Clinical Endocrinology & Metabolism
and International Journal of Molecular Sciences), reflecting that
research is concentrated in high-quality journals, highlighting

Table 1. Top 10 Journals in the Field of Immune Microenvironment

the frontier development of interdisciplinary disciplines such as
endocrinology, oncology, immunology, and molecular sciences.

Author impact analysis

Authors’ overall productivity

Table 2 presents the main descriptive variables related to the
number of authors of studies related to PTC and the immune
microenvironment before publication. The total output related
to this topic includes contributions from 1,203 authors, with an
average of 14.96% of publications per author. Only one author
(0.08%) published a single paper, while 16.11% of the authors
engaged in international collaborations, with an average of
8.22 authors per paper.

Authorial publication volume

The publication volume of authors in this research area was

Sources Articles IF JCR-¢
Frontiers in Endocrinology 15 3.9 Q2
Endocrine-Related Cancer 8 4.1 Q2
Frontiers in Immunology 8 5.7 Ql
Frontiers in Oncology 8 3.5 Q2
Cancers 6 4.5 Q1
Frontiers in Cell and Developmental Biology 6 4.6 Q1
International Journal of General Medicine 5 2.1 Q2
International Journal of Molecular Sciences 4 49 Q1
Journal of Clinical Endocrinology & Metabolism 4 5 Ql
Scientific Reports 4 3.8 Q1
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Table 2. Authors’ Main Descriptive Variables

Table 3. Number of Articles by the Top Authors

Variable Results Authors Articles Articles fractionalized
Authors 1,203 ZHANG W 7 0.83
Authors of single-authored docs 1 LI X 6 0.72
Single-authored docs 1 WANG Y 6 0.63
Co-authors per doc 8.22 ZHANG ] 6 0.69
International co-authorships, % 16.11% ZHANGY 6 0.73
CUNHA LL 5 1.32
analyzed using multiple metrics, including the number of pub- DONG XB 3 0.62
lications, author dominance ranking, and co-citation analysis. GAOM 5 0.58
Table 3 lists the publication volume of different authors that LI XY 5 0.67
make up the research sample in this area. This includes the mpe— 5 EE

first author, the last author, and other positions in the author
ranking. The author with the highest publication volume is
ZHANG W with seven articles, followed by LI X, WANG Y,
ZHANG J, and ZHANG'Y. This analysis provides insights into
the prolific contributors to the discourse on PTC and the im-
mune microenvironment.

Keyword analysis

Keyword cluster analysis

This study classified the research topics through cluster analy-
sis, and the results showed that the cluster structure was sig-
nificant (Q = 0.7241, S = 0.8783). Figure 6a shows 16 clus-
ters, revealing core research directions. #0 Immunity and #1
Papillary Thyroid Carcinoma are the clusters with the largest
number of keywords, focusing on immune mechanisms and
thyroid cancer pathology, indicating the core position of im-
munology in cancer research. #8 Immune Infiltration and #4
Tumor Immune-Microenvironment focus on the study of im-
mune microenvironment mechanisms, highlighting the inter-
action between immunity and tumor microenvironment. #7
PD-L1 and #10 Inflammation focus on the interaction of im-
mune checkpoint inhibition and inflammatory mechanisms.
#11 Anaplastic Thyroid Cancer and #14 Disease-Free Survival
focus on aggressive cancer treatment and patient prognosis.
#12 Mitochondrial Transfer and #6 Activation in the basic re-
search direction reveal further exploration of molecular mech-
anisms. Overall, the cluster analysis shows the multi-level
pattern of thyroid cancer research from basic mechanisms to
clinical treatment, especially in aspects such as immune mech-
anism, TME, and treatment effect. It reflects the intersection
of disciplines and application extension, and provides a basis
for future immune regulation. In-depth research on precision
medicine and personalized treatment guides the direction.

Keyword co-occurrence analysis

Figure 6b shows the co-occurrence relationship and time evo-
lution trend of keywords with a frequency greater than 9 in
the field of thyroid cancer. Core keywords such as “cancer”,

“carcinoma”, and “tumor microenvironment” have the largest
nodes and the densest connections, reflecting their core posi-
tion in the field. Related keywords such as “immune infiltra-
tion”, “gene expression”, and “tumor immune microenviron-
ment” form a close research network, reflecting the widespread
attention paid to immunology and gene mechanisms.

In recent years, immunotherapy and tumor microenviron-
ment have become research hotspots. The figure shows that
“papillary thyroid carcinoma” is closely related to “lymph
node metastasis”, emphasizing the focus of this field on patho-
logical mechanisms and metastasis research. At the same time,
“tumor associated macrophages” and “regulatory T cells” re-
flect the importance of immune microenvironment. Judging
from the time evolution trend in the figure (color from blue to
yellow), keywords such as “immune infiltration” and “tumor
immune microenvironment” belong to the newer period, indi-
cating that research in recent years has gradually focused on
the interaction mechanism between the immune system and
tumors. This trend indicates that research is gradually shifting
from traditional tumor treatment to precise exploration of the
immune microenvironment, promoting the translation of mo-
lecular mechanisms into personalized treatments.

Keyword burst analysis

Figure 6¢ shows the 15 strongest keywords in Citation Bursts
in the field of thyroid cancer from 2010 to 2024, reflecting the
dynamic changes in research hotspots. Early keywords such
as “papillary carcinoma” and “tumor associated macrophag-
es” show that basic research focuses on disease classification
and immune mechanisms. As time goes by, research gradu-
ally deepens into the interaction between TME and immune
mechanisms.

In recent years, “tumor immune microenvironment” and
“long noncoding RNAs” have become new research hotspots,
with burst times concentrated in 2022 - 2024, reflecting the
importance of immune microenvironment mechanisms and
gene regulation. In addition, the emergence of keywords such
as “therapy” and “features” shows that research is gradually
shifting to precision treatment and disease feature identifica-

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ | https://jem.elmerpub.com 51



Immune Microenvironment of PTC J Endocrinol Metab. 2025;15(2):45-57

a

GltoSpace. v 6218 (64t Aduarced
3024 at 10:17:48 AM CST
ozdies

oo (B IR0 Lt Loves, et
oo

ity A

Welghted iean Siiouste s-0.783 N #1 papillacy. thyruyarcmoma A
- #0 immunity
#8 mmunemﬂtratlon T e = \:{:‘: \\ 9

#3 papillq W'ihyrc id cancer

~ #13 pani ic cancer AN \A . ;
. o = - #9 thyrold cancer
\
\ N -
\

#4 tumor |mmune -microenvironmen’;

ro sk

#12 mitocht@l Iransfer' e =
,_? Z v #11 anapla{#d cancer
WL <

“it5 ptc—

[ ] #14 disease-free'survival 474 14
2 > PR A
- v o
: #10 inflammation
i S g
== } 7
/e
CiteSpace
—maue
CiteSpace, v. 6:2R6 (84.bi) Advanced
November 24, 2024 at 10:17:48 Al GST
L rr T
oo e s 0381 LSt L1, L8Y=5,er10 °
Network: N=278, E- "WE"‘“‘Y-DM“ °
Largest s Cce: 78 (1 . .
Pruning: Pilhﬂm-r 4
s . 4
L
— lmmur\;qy':lﬂnw\: paplllary thyrold cancer® °
(] R nﬂﬁlwl cells o {
o Yas e .
s A .

%
= tuﬁloraqgocl d macrophages

5 N paplllary Iymp[lncyhas
tumor microenvironment. »
- .

&

YO ¥
® wmval
h node meta
gene expression f‘"ﬁp."’ i ’nmk < . thyroid cancer
i < pression -«
T .

tumor immune microenvironment

papillary thyrold carcinama A\ giion

P 1

- . .
- &
= arotly < g '\'_;’-/nugugn .
= . A = e
. management

.
o immunctherapy  microenvironment

citeSpace
"

C
Top 15 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2010 - 2024

papillary carcinoma 2010 1.642010 2016

lymph node metastasis 2016 2.232016 2018 P
tumor associated macrophages 2010 1762016 2017 s
density 2016 1.562016 2020 ——
papillary carcinomas 2018 2.522018 2020 ——
braf mutations 2018 1.512018 2020 s
thyroid cancer 2018 2.742019 2020 s
macrophages 2012 1912019 2021
lymphocytes 2017 2.312020 2022 E—
metastasis 2020 1.44 2020 2021 e
landscape 2021 2442021 2022 —
therapy 2021 1.732021 2022 P—
features 2022 1.97 2022 2024 p—
tumor immune microenvironment 2022 1.922022 2024 —
long noncoding rnas 2022 1.57 2022 2024 f—

Figure 6. (a) Keyword clustering diagram of the immune microenvironment. (b) Keyword co-occurrence diagram of the immune
microenvironment. (¢) Keyword emergences of the immune microenvironment.

52 Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ | https://jem.elmerpub.com



Li et al

J Endocrinol Metab. 2025;15(2):45-57

Tumor Hyperplasia

\u

Apoptosnslresy

Thyroid Cancer

“"f EFacﬂltate & Restrain
mor Cells * . "O/Iﬁ;é % - Tumor Cells *

Tumor Suppression

e

Activated cells

Polarity activation

T'Is
A

IFNy. IL-12,/1L-2

Figure 7. Research progress and current situation.

tion. The overall trend shows that research is shifting from ba-
sic pathology and immune mechanisms to TME, gene regula-
tion, and treatment strategies, promoting the development of
personalized diagnosis and treatment and precision medicine.

Discussion

In recent years, the research on PTC has been continuously
deepened, and immune-related mechanisms have especially
gradually become the focus of research in this field [6, 27-
28]. This article uses bibliometric methods to systematically
sort out the development trends of PTC research from 2010
to 2024, revealing that the academic community is gradually
turning its attention to precision medicine from basic explo-
ration of pathological characteristics and molecular mecha-
nisms of this research. From the early research on cellular and
molecular mechanisms [29] to the widespread application of
immunotherapy [30] today, the research direction of the aca-
demic community has changed significantly, especially im-
mune checkpoint inhibitors (ICIs) [31, 32]. The potential and
challenges of immunotherapy in PTC have gradually become
the focus of research. This transformation not only reflects the
revolutionary impact of immunotherapy on tumor treatment,
but also highlights the core role of precision medicine in im-
proving treatment effects and patient prognosis.

According to bibliometric analysis, from 2010 to 2015,

the keywords of PTC research were mainly concentrated in
basic research fields such as “gene mutation” [32] and “cell
signaling pathway” [33, 34]. The number of research literature
is increasing year by year, but there are relatively few studies
related to immune mechanisms. Since 2016, with the rise of
immunotherapy, especially the widespread application of ICIs,
immune mechanisms have gradually become the core of re-
search, and the number of relevant literatures has increased
significantly. Through keyword frequency analysis, we found
that “immune microenvironment” [6, 7], “immune escape”
[11], and “immune checkpoint” [5, 35] have appeared fre-
quently in recent studies, showing that the important position
of immunotherapy in PTC research is revealed.

The immune microenvironment has dual functions in the
occurrence and progression of PTC (Fig. 7), and the dynamic
balance of its composition profoundly affects tumor behavior
[36]. M2 macrophages [37] promote tumor immune escape,
angiogenesis, and tumor metastasis by secreting immunosup-
pressive factors such as interleukin-10 (IL-10) and transform-
ing growth factor-beta (TGF-B) [38, 39]. Regulatory T cells
(Tregs) further weaken the function of effector immune cells
and promote tumor invasion and metastasis [40]. In contrast,
M1 macrophages [41] and T helper cell type 1 (TH1) cells [42]
activate anti-tumor immune responses by secreting IL-6 and
interferon-gamma (IFN-y), inhibiting the proliferation of tu-
mor cells [43]. In recent years, research has gradually shifted
to the role of these immune cells in the PTC immune micro-
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environment, especially the key role of M2 macrophages and
Tregs in tumor immune escape. Related literature shows that
the role of the polarization state of immune cells in tumor pro-
gression has become an important research direction in aca-
demia [44, 45].

With the advancement of immunotherapy research, the
application of ICIs in PTC has gradually become the focus
of research. Through bibliometric analysis, we found that the
number of research documents on ICIs has grown significantly
since 2016, especially immunotherapy studies related to v-Raf
murine sarcoma viral oncogene homolog B1 (BRAF) muta-
tions [46] or rearranged during transfection/papillary thyroid
carcinoma (RET/PTC) fusion [47]. These studies show that
the combination of ICIs and targeted therapy can significantly
improve the prognosis of PTC patients. The clinical applica-
tion of ICIs still faces certain challenges, especially how to
overcome immune tolerance, improve therapeutic effects, and
reduce side effects. Current research focuses on combination
regimens of immunotherapy, especially combination strategies
with targeted therapies, such as BRAF inhibitors and RET in-
hibitors, which have shown good efficacy and provided new
ideas for immunotherapy of PTC [48, 49].

In addition, the application of ICIs in PTC has not been
fully popularized, and there are certain treatment difficulties.
Although ICIs can effectively restore the anti-tumor function
of T cells, due to the complex immune microenvironment of
PTC, including the polarization of immune cells, activation of
immune escape mechanisms, and the existence of immune tol-
erance, these factors may affect the efficacy of ICIs [50, 51].
Therefore, future research must not only further explore the
impact of the immune microenvironment on immunothera-
py, but also need to conduct in-depth analysis of the specific
mechanisms of immune escape to provide more precise strate-
gies for optimizing immunotherapy regimens.

In recent years, rapid progress in tumor immunology has
been reshaping the therapeutic landscape of PTC. Among the
advances, the BRAF(V60E) mytation has emerged as a critical
molecular marker, offering valuable insights for stratified treat-
ment approaches. This mutation, which varies significantly in
prevalence across populations, has been linked not only to tumor
initiation and progression but also to immunosuppressive fea-
tures within the TME, such as increased expression of immune
checkpoint molecules and higher infiltration of M2-polarized
macrophages and regulatory T cells (Tregs) [52-54]. These find-
ings suggest that patients with BRAF(V690E)_positive PTC may
be more suitable candidates for immune-based interventions,
particularly those tailored to their specific immune context.

While ICIs have demonstrated efficacy in more aggressive
thyroid cancer subtypes, such as anaplastic thyroid carcinoma,
their role in radioiodine-refractory PTC (RAI-R PTC) remains
limited. For instance, a phase I clinical trial evaluating pem-
brolizumab in programmed cell death-ligand 1 (PD-L1)-posi-
tive RAI-R PTC reported an objective response rate (ORR) of
only 9%, with a disease control rate (DCR) of 68%, indicating
modest efficacy as monotherapy [55]. However, combination
therapies involving BRAF inhibitors and ICIs have shown
synergistic antitumor effects in the context of BRAF mutations
[54, 56], reinforcing the rationale for molecularly guided im-
munotherapy, especially for tumors with an immunosuppres-

sive phenotype.

Despite these promising strategies, therapeutic responses
remain highly heterogeneous. Variability in immune cell popu-
lations, functional states, and cytokine distributions within the
TME can significantly influence treatment outcomes. In particu-
lar, high levels of M2 macrophages or Tregs are often associated
with poor responsiveness to ICIs [57, 58]. As a result, single-
gene markers like BRAF(VO9F) may be insufficient to accurately
predict treatment efficacy. In response, integrative multi-omics
approaches, incorporating genomics, transcriptomics, and im-
mune profiling, have emerged as powerful tools for identifying
predictive biomarkers and defining immune subtypes [59].

Our bibliometric analysis further indicates that since 2018,
research on combination immunotherapies has grown by over
20% annually, reflecting increasing interest in this field. In
clinical settings, integrating parameters such as BRAF(V600E)
status, PD-L1 expression, and immune cell composition may
enable the development of multiparametric predictive models
to guide patient selection and reduce unnecessary exposure to
immune-related adverse events (irAEs).

Of note, research on personalized immunotherapy [60]
will become a hotspot in the future. Through the analysis of
molecular markers and immune characteristics, customized
personalized treatment plans will significantly improve the
treatment effect. At the same time, combining multi-omics
technologies, such as genomics and transcriptomics, can fur-
ther reveal the interaction between the immune microenviron-
ment and tumor metabolism and genetic mechanisms, which
may also provide new breakthrough points for treatment.

The study of immune mechanisms in PTC is undergoing
a significant shift from basic pathological understanding to-
ward precision immunotherapy. Future research should focus
on the following key directions: 1) conducting prospective
clinical trials to validate the efficacy and safety of combin-
ing BRAF inhibitors with ICIs in RAI-R PTC; 2) developing
predictive models of treatment response that integrate molec-
ular, immune, and metabolic features; and 3) promoting the
standardized clinical implementation of personalized decision-
support tools. As the regulatory mechanisms of the TME be-
come increasingly understood, PTC is expected to transition
from a conventional “target-oriented” approach to an “immune
microenvironment-oriented” precision treatment paradigm, ul-
timately improving patient outcomes and quality of life.

This study has certain limitations. First, it included only
English-language publications indexed in the WOSCC. This
limitation in both language and data source may have led to
the omission of important research findings from non-English-
speaking countries or regions, thereby affecting a comprehen-
sive understanding of the global research landscape in this
field. Therefore, future studies should consider incorporating
multi-language databases to expand the scope of research and
enhance the representativeness of a global perspective. Sec-
ond, due to the inherent citation delay in academic publishing,
some recently published high-quality studies may not have
received sufficient attention or citations and thus were not
adequately reflected in this analysis. Future research should
also regularly update the dataset to ensure that the results re-
main timely and comprehensive. Despite these limitations,
this study provides valuable insights into the developmental
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trends, research hotspots, and emerging directions in the field
of the immune microenvironment of PTC, helping researchers
better grasp current progress and identify key areas for future
investigation.

Conclusion

In recent years, the study of the immune microenvironment of
PTC has received widespread attention. With the increasing
number of relevant literatures, it has become a key field in tu-
mor research. Through the analysis of global research trends, it
was found that the journal “Frontiers of Endocrinology” has sig-
nificant influence in this field, and ZHANG W is the most pro-
ductive researcher in this field. At the same time, the relation-
ship between long non-coding RNA (IncRNA) and the immune
microenvironment has become one of the current research hot-
spots. The research direction has gradually expanded from ba-
sic pathological characteristics and immune mechanisms to the
translation of TME, gene regulation, and treatment strategies,
providing an important reference for personalized treatment and
precision medicine. Therefore, a comprehensive understanding
of the development dynamics and cutting-edge trends in this
field has important academic value and practical significance
for scientific researchers and policy makers.
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