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Introduction. Kidney renal clear cell carcinoma (KIRC) is the most common subtype of kidney cancer, making up about
70-80 % of all cases. This cancer displays high molecular heterogeneity and responds poorly to standard therapies. Over
the past decade, research on KIRC has shifted significantly toward genetically based treatments and precision medicine.
Aim. To analyze global trends in KIRC genetics and treatment research through a bibliometric review of the Scopus
database from 2009 to 2025.

Materials and methods. The method involved collecting documents with the keyword “Kidney Renal Clear Cell Carcinoma”
in English. The data were analyzed using VOSviewer software for keyword network visualization and Bibliometrix (R Studio)
for descriptive analysis, including publication growth, international collaborations, affiliations, and citations. Analysis
was also conducted on thematic clustering and the identification of the most influential authors and institutions.
Results. There were 870 publications across 285 sources, with an annual growth rate of 28.31 %. International
collaborations made up only 9.66 %, highlighting the dominance of domestic partnerships. The most active author was
Wang Y, with 58 publications and 773 citations. Three main thematic groups were identified: gene-based prognostic
models, pan-cancer approaches, and molecular mechanisms of tumors. Topics like immunotherapy, multi-omics, and
artificial intelligence experienced notable increases in citations.

Conclusion. KIRC global research advanced quickly toward integrating genetically based precision therapies. This study
provided a strategic foundation for research planning, funding, and international collaboration in molecular oncology.
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BBepeHue. CBETNOKNETOUHBIA NMOYEYHO-KNETOUHbIN pak (cKIKP) sBnseTcs Haubonee pacnpoCTpaHeHHbIM TUMOM paka
noyku u coctasnset 70-80 % Bcex cnydyaes. [laHHOe HOBOOOPa30BaHMe XapaKTepPU3yeTCs BbICOKO MONEKYNAPHONA reTe-
POreHHOCTBIO U N0X0 OTBEYAET HA CTaH4APTHbIE METOALI Tepanuu. 3a nocnefHee gecatunetve uccnegosanus cklKP cy-
LeCTBEHHO CMECTUIMCH B CTOPOHY reHeTUYeCKM 060CHOBAHHbIX METO/I0B IeYEHUSA U NepPCOHANN3MPOBAHHON MEANLMHBI.
Llenb uccnenoBaHma — NpoBecTv aHaNM3 mMobanbHbIX TEHAEHUMI B UCCNEA0BAHUAX reHeTUKM U nedenus cklNKP ¢ nomo-
wpto 6ubnomeTpuyeckoro o63opa 6asbl faHHbIx Scopus 3a nepuog ¢ 2009 no 2025 r.
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Matepuanbl u mMeToabl. bbin npoBefeH nouck nybnukaumii no knwoyesoi ¢pase “Kidney Renal Clear Cell Carcinoma”
Ha aHMMNIiCKOM fA3biKke. [laHHble aHaNW3MPOBaM C UCMOb30BaHMEM NporpaMmHoro obecnedyenus VOSviewer ans Busya-
nn3auum ceteil kntouesbix cnoB u Bibliometrix (R Studio) ans onucatenbHoro aHanusa, Bkitoyas pocT Yucna nybnuka-
LM, MeXAYHAPOLHOE COTPYLHMYECTBO, adhhUanaLmm u LUTUPYEMOCTb. Takxe OblM NPOBEAEHbI aHANU3 TEMATUYECKON
KnacTepu3auum u naeHTuduKaLmus Hanbonee BAUATENbHbIX aBTOPOB U YYPEXAEHUN.

Pe3ynbTatbl. bbino HailaeHo 870 nyGanKauuit B 285 MCTOYHMKAX, NPU 3TOM KaxAbli rof, KOMYeCTBO Ny6ANKaLmil yBenu-
YMBanoch B cpefHem Ha 28,31 %. MexayHapoaHbie Konnabopauum coctaBunm nuws 9,66 %, YTo nogyepkmpaet npeobna-
AaHWe COTPYAHUYECTBA BHYTPU cTpaH. Hanbonee akTuBHbIM aBTopoM 6bin Y. Wang, umetowuii 58 nybnukauuii n 773 yutu-
poBaHus. bbinu BeigeneHbl 3 0CHOBHblE TEMAaTUYeCKMe FPYNMbl: NPOrHOCTUYECKUE MOAENN Ha OCHOBE FeHOB, NaHPaKoBble
NoAXOAbl U MONEKYNAPHbIE MeXaHU3Mbl Pa3BUTUA onyxonen. Takue Tembl, KAK UMMyHOTEpPaNuA, MyIbTUOMUKA U UCKYCCT-
BEHHbIN UHTENNEKT, NPOLEMOHCTPUPOBANIM 3aMETHbI POCT LUTUPYEMOCTH.

3aknioueHue. MobanbHele nccnegosanus cklMKP 6bICTPO ABUKYTCA B HANPaBAEHUU WHTErPALUM FEHETUYECKM 06OCHO-
BaHHbIX MEPCOHANM3UPOBAHHbIX TepaneBTUYecKUX noaxofos. [laHHas pabota obecneynBaeT CTpaTerMyecKylo OCHOBY
ANS NNaHUPOBAHUA UCCNE[0BaHUN, PUHAHCUPOBAHUA U MEXAYHAPOLHOO COTPYAHMYECTBA B 0611aCTU MONEKYNAPHON OH-
Konoruu.

KnioueBble CNOBa: CBETIOKJETOUHBIN MOYEUHO-KNETOUHbIN paK, 6UBNMOMETPUYECKMI aHaNNU3, NPELMU3UOHHAS OHKONIO-
rnd, reHeTnyecKue 6MOMapKepr, UHTErpauma MynbTMOMUKHK

IOna uutupoBaHua: Amukti D.P., Kusumawardani N., Estiningsih D. u ap. TpeHpabl u nonynspHble HanpaBneHUs B reHeTu-
YeCKUX U TepaneBTUYECKUX UCCNef0BAHUAX CBETIIOKNETOYHOTO NOYEYHO-KIETOYHOrO paKa: fieTaibHoe 6ubnmomeTpuye-
ckoe uccnegosanune. OHkoyponorus 2026;22(1):137-48. (Ha anrn.).

DOI: https://doi.org/10.17650/1726-9776-2026-22-1-137-148

Introduction

Kidney renal clear cell carcinoma (KIRC) is the most
common histological subtype of renal cell carcinoma,
making up about 70—80 % of all kidney cancers worldwide
[1, 2]. Characterized by significant molecular heterogeneity,
high metastatic potential, and limited response to
conventional chemotherapy, KIRC presents substantial
therapeutic challenges, especially in advanced stages [3, 4].
The rising worldwide cases of KIRC, caused by aging
populations, lifestyle choices, and better diagnostic tools,
highlight the need for prompt and accurate clinical
treatment [5]. In recent years, we have witnessed a paradigm
shift from uniform treatment approaches to molecularly
guided therapies tailored to the patient’s genetic
and transcriptomic landscape. As such, the integration
of precision medicine in KIRC management has become
central to improving patient outcomes and reducing
mortality [6]. Genetic and molecular research has played
a pivotal role in advancing the understanding of KIRC
pathogenesis [7]. The availability of large-scale omics
datasets, such as those provided by The Cancer Genome Atlas
(TCGA), has enabled researchers to identify key genetic
mutations (VHL, PBRM1, SETD2) and dysregulated
pathways (hypoxia signaling, chromatin remodeling) involved
in KIRC progression [8]. These discoveries have facilitated
the development of targeted therapies, including tyrosine
kinase inhibitors and immune checkpoint inhibitors,
revolutionizing treatment strategies in the last decade [9].
Concurrently, predictive models based on gene signatures and
machine learning algorithms have emerged as risk-stratification
and prognostic evaluation tools in clinical settings. Nevertheless,
despite these advances, there remains a wide gap between
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genomic discoveries and their clinical translation,
necessitating further investigation into the global research
landscape and collaborative efforts [10, 11].

In recent years, the concept of integrating multi-omics
data, combining genomics, transcriptomics, epigenomics,
and proteomics, has gained momentum in KIRC research.
This approach allows for a more comprehensive understanding
of tumor biology and aids in uncovering new therapeutic
targets and biomarkers. Additionally, pan-cancer analyses
and cross-cohort comparisons have identified shared
and unique molecular features between KIRC and other
cancer types, indicating potential for drug repurposing
or the development of broader targeted therapies [15].
Therefore, the integration of bioinformatics, computational
biology, and clinical oncology has become a key feature
of modern KIRC research. Monitoring how these areas
develop in scientific literature is essential to identify
knowledge gaps, guide future research directions,
and improve translational outcomes in both academic
and clinical environments [16, 17]. Despite these advances,
there is still a wide gap between genomic discoveries
and their clinical implementation, and further studies
into the global research map and collaboration are warranted.
Such a gap is especially large in nations like Indonesia, where
access to advanced molecular diagnosis and tailored therapy
is still restricted.

Bibliometric analysis has become a strong quantitative
method to map scientific output, evaluate publication
trends, identify key authors and institutions, and spot
emerging research frontiers in specific areas of domains [18,
19]. When used in cancer research, bibliometrics helps
visualize knowledge networks and identify clusters of related
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themes, enabling researchers and policymakers to track
scientific progress and allocate funding effectively. As one
of the most extensive and popular abstract and citation
databases, Scopus offers a reliable resource for bibliometric
assessments in biomedical sciences. Using tools like
VOSviewer and Bibliometrix, scholars can analyze citation
trends, the evolution of keywords, and international
collaborations over time. However, bibliometric studies
specifically focused on KIRC are still limited, particularly
those that address genetic research and treatment
innovations from a global standpoint [20].

This study aims to address this gap by performing
a comprehensive bibliometric analysis of global research
on genetics and treatment of KIRC published between 2009
and 2025, using data extracted from the Scopus database [21].
Specifically, we aim to identify key research themes
and keyword clusters, assess the development of focus areas
such as gene-based prognostic models, molecular
mechanisms, and therapeutic advancements, and map
the geographic and institutional distribution of influential
research outputs. This study offers a comprehensive view
of the global knowledge structure in KIRC research through
co-authorship, co-citation, and keyword co-occurrence
analyses. The insights gained are expected to aid strategic
decision-making in oncology research planning, promote
interdisciplinary collaboration, and outline the trajectory
of precision oncology related to kidney cancer.

Materials and methods

This study used a quantitative bibliometric method to
examine global trends in genetics and treatment of KIRC
from 2009 to 2025. Data were gathered from the Scopus
database using the keyword “Kidney Renal Clear Cell
Carcinoma”, with the requirement that documents
be written in English [22]. The analysis was performed using
VOSviewer for keyword network visualization and thematic
clustering, and Bibliometrix through R Studio for descriptive
analysis, including publication growth, average citations per
document, and bibliometric metrics such as h-index and
g-index [23, 24]. This study identified the most influential
authors, primary publication sources, and leading
institutional affiliations (author local impact). Additionally,
geographic distribution mapping was conducted
by analyzing the countries of origin of the corresponding
authors, scientific output by country, and nations with the
most citations. To conclude the analysis, the most cited
documents were also identified to highlight the most
influential works in this field [25].

Results

Bibliometric analysis retrieved 870 documents related
to genetics and treatment of KIRC from 2009 to 2025,
dispersed across 285 sources (journals, books, and others).
The annual publication growth rate reached 28.31 %,

indicating a significant increase in scientific interest in this
field. The average age of the documents was 3.15 years, with
an average of 11.64 citations per document, reflecting their
relevance and influence within the scientific community.
The total number of keywords automatically identified
(Keywords Plus) was 5,965, while the keywords provided by
the authors (Author’s Keywords) totaled 1,534, highlighting
the variety of discussed topics. A total of 2,623 authors
contributed to publishing these documents, with only seven
authors publishing single-authored works. The average
number of authors per document was 6.96, demonstrating
the prevalence of collaboration in KIRC research.
International collaboration was recorded at 9.66 %, suggesting
most publications resulted from national or institutional
partnerships. The most common document type was research
articles (808 documents), followed by conference papers (19),
reviews (13), letters to the editor (14), errata (4), with book
chapters, editorials, conference reviews, and retracted papers
each consisting of one document. These findings indicate
that the scientific literature on KIRC is mainly composed
of original research articles, with limited contributions from
other publication types.

According to Table 1, the predominance of research
articles (808 documents) over other publication types, such
as conference papers and reviews, shows that original
research is the main focus in KIRC studies. This trend
highlights the importance of generating new data and
findings to advance understanding and treatment of KIRC.
With 2,623 authors involved and only seven producing
single-authored works, it is clear that KIRC research
is highly collaborative. This collaboration improves research
quality by bringing together diverse expertise, which is vital
for addressing complex diseases like KIRC.

Keyword co-occurrence analysis

The keyword co-occurrence network visualization
created with VOSviewer (Fig. 1) revealed three major clusters
in the literature on KIRC genetics and treatment from 2009
to 2025. Hundreds of terms formed complex, interconnected
thematic relationships based on co-occurrence frequency.
The Red Cluster focused on prognostic models and
algorithmic approaches, with keywords such as signature,
risk score, and survival. This cluster reflected the research
trend of using machine learning to develop gene-based
prediction models. The Green Cluster represented pan-
cancer approaches, including terms like pan-cancer, mutation,
and TCGA, indicating a growing interest in comparing KIRC
with other cancers to find common biomarkers. The Blue
Cluster pertains to molecular mechanisms, featuring keywords
such as invasion, migration, and miRNA. Key terms located
at the network’s center showed that all clusters revolve around
KIRC. The research combines bioinformatics, predictive
modeling, and cross-cancer analysis, forming the foundation
of KIRC studies.
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Table 1. Summary of key bibliometric information related to kidney
renal clear cell carcinoma genetics and therapeutics research
(2009—2025)

Taomuna 1. Kpamiuii 0630p kaiouesoii bubsuomempu4eckoll
uHpopmayuu, Kacaroujelics eeHemu4ecKux Uccae008anuil

U Memo0oe AeHeHUsl C8eMA0KAeMOYHO20 NOHEeHHO-KAeMO1YH020
paka (2009—2025 ee.)

Description Results
Main information about data
Timespan 2009—-2025
Sources (journals, books, etc.) 285
Documents 870
Annual growth rate, % 28.31
Document average, age 3.15
Average citations per doc 11.64
References 0
Document contents
Keywords Plus (ID) 5965
Author’s Keywords (DE) 1534
Authors
Authors 2623
Authors of single-authored docs 7
Authors Collaboration
Single-authored docs 9
Co-Authors per Doc 6.96
International co-authorships, % 9.655
Document types
Articles 808
Article article 8
Book chapter 1
Conference paper 19
Conference review 1
Editorial 1
Error 4
Letter 14
Retracted 1
Review 13
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Based on Fig. 1, KIRC research trends did not only rely
on transcriptomic data, but also increasingly used multi-
omics approaches. Recent research emphasized multi-omics
integration and experimental validation, as demonstrated
in studies identifying novel immunotherapy targets like
BRD?9.

Annual scientific production

Annual scientific output in KIRC genetics and medicine
showed a significant increasing trend (Fig. 2). At the beginning
of the decade (2009—2014), the number of publications was
relatively low and stable, averaging fewer than 10 articles per
year. However, starting in 2016, there was a gradual rise,
followed by a sharp spike between 2019 and peaking in 2021
with over 200 articles published. This dramatic increase
reflects global scientific interest in molecular approaches and
precision therapies for treating KIRC. After 2021, there was
a gradual decline in publication numbers, although they
remained higher than at the start of the decade. This
decline likely indicates a shift in research focus toward
more specific or multidisciplinary topics, or could be
influenced by external factors such as changes in research
funding and the post-pandemic impact on global scientific
productivity [26].

Most relevant authors

Bibliometric analysis of the most productive authors in
genetics and medicine research on KIRC shows the
dominance of several key figures who contribute significantly
to the global literature (Fig. 3). The authors with the highest
number of publications are Y. Wang, who has published 58
works from 2009 to 2025, followed by X. Wang with 49
documents, and Y. Liu with 43. The prevalence of common
surnames like Wang, Li, and Liu reflects the substantial
contribution of researchers from China to this field, aligning
with the trend of East Asian predominance in molecular
oncology publications over the last decade. Identifying
influential authors helps highlight productivity and is vital
for fostering potential scientific collaborations, meta-
analyses, and mapping intellectual influence within KIRC
research community [27, 28].

Most relevant affiliations

Analysis of the most productive institutions
in publications related to genetics and medicine, KIRC,
shows that the largest contribution comes from academic
institutions in China (Fig. 4). Central South University
ranked highest with 82 articles, followed by Huazhong
University of Science and Technology with 63 articles.
The dominance of Chinese institutions reflects the country’s
central role in genome-based cancer research, along with
increasing national investment in precision medicine
and bioinformatics. The data can also be used as a basis
for mapping international collaborations and identifying
centers of excellence in global KIRC research [29, 30].
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Fig. 1. Keyword co-occurrence map in kidney renal clear cell carcinoma literature (2009—2025) based on VOSviewer
Puc. 1. Kapma coemecmnoii 6cmpeuaemocmu Kaouevix c108 8 Aumepamype o c6emaokAemouHOMY NoueuHO-KaemouHomy paky (2009—2025 ee.)
Ha ocnoge VOSviewer
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Fig. 2. Annual scientific production trends in kidney renal clear cell carcinoma research (2009—2025)
Puc. 2. Escecoonvie mendenyuu HayuHoil dessmensHocmu @ 06aacmu uccie008aHull C6emaAoKAeno4H020 NoHeuHo-Kaemo4Hozo paka (2009—

2025 ee.)

Authors
Y.Wang @
X.Wang v
Y. Liu ® s
Z.Wang ® 5
X.Li @ 39
J.Li @ 3
Y. Li @ 37
J.Wang o 37
Y.Zhang @ 37
J. Liu o 3 @
0 20 40 60  N.of documents

Fig. 3. Most relevant authors based on number of publications in kidney renal clear cell carcinoma research (2009—2025)
Puc. 3. Hauboaee 3nauumvie agmopuvl no KoAuecmay nyoauKayuii 6 001acmu uccae008anull Cema0KAenoUHO20 NOYEUHO-KAeMOYH00 PaKa
(2009—2025 22.)
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Fig. 4. Institutions with the most publications in kidney renal clear cell carcinoma research (2009—2025)
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Fig. 5. Most relevant journals or publication sources in kidney renal clear cell carcinoma research (2009—2025)
Puc. 5. Haubonee akmyanvhole JcypHanbl uau UCMoYHUKY NYOAUKAUUL NO UCCACO08AHUN) CEEMAOKAENMOUHO20 NOUEHHO-KACMOYHO20 PAKA

(2009—-2025 22.)

Most relevant sources

In a bibliometric analysis of the most productive
publication sources in genetics and medicine studies, KIRC
found that multidisciplinary and molecular-based journals
play a significant role in disseminating scientific literature
(Fig. 5). The leading journal is Frontiers in Oncology, which
has 53 articles, making it the top outlet for KIRC publications.
It is followed by Frontiers in Genetics and Scientific Reports,
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each with 40 articles, reflecting a trend toward publishing
in open-access journals focused on genetics and basic cancer
science. The prominence of the Frontiers series and open
access indicates that the publication trend in KIRC is shifting
toward open data access, interdisciplinarity, and systemic
approaches in cancer research. This also offers increased
opportunities for global dissemination and cross-country
collaboration [31].
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Table 2. Local impact index of kidney renal clear cell carcinoma research related authors (2009—2025)

TaﬁJmua 2. Jlokanbhblil uHOeKc AUSHUS UCCA008AHUL NOYEHHO-KAEMOYHO020 paka, I’IpO@eaeIlIlle coomeemcmeyrouwumu asmopamu

(2009—-2025 22.)

PY_start (initial year

Author h_index g_index m_index T:C (.t Lkl I (l}um!)er of KIRC-related
citations)  of publications) s
publications)
Y. Wang 15 25 1.5 773 58 2016
X. Wang 14 23 1.75 605 49 2018
J. Zhang 12 20 1.5 456 33 2018
H. Li 11 19 1 393 22 2015
J. Liu 11 20 1,375 448 34 2018
S. Chen 10 12 1.25 149 17 2018
J.Li 10 17 1.11 335 37 2017
X. Li 10 17 1 345 39 2016
Y. Li 10 18 1 387 37 2016
Z.Li 10 16 1.43 286 26 2019
Author local impact Authors such as J. Zhang, J. Liu, and H. Li also show a strong

The evaluation of the local impact of authors was
conducted by measuring several key bibliometric metrics,
namely h-index, g-index, m-index, total citations (TC),
number of publications (NP), and the initial year of KIRC-
related publications (PY_start). The analysis results show
that some authors are productive and have high influence
based on the number of citations and bibliometric indices
(Table 2). The author with the highest impact is Y. Wang,
who has an h-index of 15, a g-index of 25, and a total
of 773 citations from 58 publications since 2016. Followed
by X. Wang with an h-index of 14, but recorded the highest
m-index (1.75), indicating high consistency in impactful
publications since the beginning of his contribution in 2018.

Countries
China |
usa I

india [

Japan !'

Korea il
Pakistan [l
Germany |
italy |
Poland |
United Kingdom |
Canada |
Turkey |
Brazil |
France |
Indonesia |
ran |
Jordan
Spain
Sweden
Bangladesh

combination of publication quantity and citation impact.
Although some authors have the same h-index value (J. Li,
X. Li, and Y. Li each have an h-index of 10), differences
in m-index and total citations indicate variations
in the consistency and quality of their academic influence
[29, 30].

Geographical distribution of corresponding authors

The geographic distribution of corresponding authors
offers important insights into the global research hub
for KIRC genetics and therapy. Based on the visualization
in Fig. 6, China leads as the country of origin for corresponding
authors, with over 600 publications. This highlights China’s

Collaboration

[ scP (Single Country
Publications)

MCP (Multiple Country
Publications)

0 200

400 600 N. of documents

Fig. 6. Distribution of country of origin of corresponding authors in kidney renal clear cell carcinoma publications (2009—2025)
Puc. 6. P[IC[’I[J@()@.Y@HMC cCmpaH H[J()M(’X().’)IC()@HHH a(ﬂ}’l()ﬂ()(s'—K()[)[)GCI‘IOH()CHI‘M()()’ 6 I7y(7.’lllKﬂll,Ll}?X, NOCBAULCHHbIX C6EMNOKAEMOYHOMY NOYEYHO~

Kaemounomy paky (2009—2025 ee.)
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prominent role in the global KIRC research landscape, both
in collaborative and independent studies. Other high-ranking
countries, though with fewer publications, include the United
States (USA), India, Japan, South Korea, and Pakistan.
Several European countries, such as Germany, Italy, Poland,
and the United Kingdom, also contribute, but on a smaller
scale. The graph distinguishes between Single Country
Publications (SCP) and Multiple Country Publications
(MCP), especially in collaborations. China not only
produces the most publications overall but also has a high
proportion of international collaborations (MCP), marked
in pink on the graph. This shows an openness to cross-country
collaborations, though domestic contributions (SCP) still
dominate. The prominence of Asia, especially China, aligns
with previous findings that highlight significant contributions
from institutions and authors in the region. These data offer
strategic insights into the geographic concentration of KIRC
research and the potential for expanding global scientific
collaboration [32].

Distribution of scientific production by country (country

scientific production)

The distribution of publications by country shows that
China is the main contributor to KIRC genetics
and therapeutics research, with 2,265 papers, far surpassing
other countries. The United States ranks second with
231 publications, followed by Pakistan (34), India (33),
and South Korea (30). Other countries such as Canada,
Japan, Germany, the United Kingdom, and Italy also
contribute, albeit in relatively small numbers. The global
distribution map (Fig. 7) illustrates China’s dominance
through intense coloring, visually indicating the highest
publication volume. This phenomenon emphasizes East
Asia’s central role in leading the KIRC research trend.

In addition, contributions from developing countries such
as Pakistan and India indicate increasing participation
in global cancer research [33].

Most cited countries

Analysis of the countries with the highest number
of citations in KIRC publications offers insights into each
country’s global scientific impact, not only in the volume
of publications but also in their quality and influence within
the academic community. As shown in Fig. 8, China again
leads with 6,403 citations, establishing it as the country with
the greatest academic influence in this field. Hungary
and the United States follow in second and third place, with
710 and 711 citations respectively, reflecting a notable
contribution from highly cited articles, despite having
a lower publication volume than China. Other countries
that demonstrate significant citation impact include India,
South Korea, Canada, Turkey, Spain, Poland, and Japan.
Although these countries have relatively few publications,
their high citation counts suggest their research is of high
quality and relevance in the international scientific arena.
This pattern indicates that high productivity (quantity)
does not necessarily mean high citation rates (quality
or impact), emphasizing the importance of considering
both factors when assessing a country’s scientific influence
contribution [34].

Most cited documents

Analysis of the most cited documents provided valuable
insights into articles that significantly influenced
the development of KIRC genetics and medicine. Table 3
summarizes the top 10 most cited publications from 2009
to 2025, including data on total citations, average citations
per year (TC per Year), and normalized citations

Fig. 7. Map of scientific production by country in kidney renal clear cell carcinoma research (2009—2025)
Puc. 7. Kapma nayunoii npodykuyuu no cmpanam é obaacmu uccaedo8anull c6ema0KAemoYH020 noueuHo-KaemouHoeo paka (2009—2025 ee.)

144



0630puL
Reviews

Countries
China
Hungary L it
USA & m
India ® 256
Korea °197
Canada @155
Turkey ® 136
Spain @ 18
Poland @ 15
Japan @ 10

0 2000

4000 6000

Fig. 8. Countries with the highest number of citations in the kidney renal clear cell carcinoma literature (2009—2025)
Puc. 8. Cmparbi ¢ Hauboabuum Koau1ecmeom YUmMuposanuil 6 AUmMepamype no C6eMIOKACMOMHOMY NOYeHHO-KAeMOYHOMY paKy (2009—2025 z2.)

(Normalized TC). The study by Nagy (2021), published
in Scientific Reports, ranked first with 718 citations and an
average of 143.6 citations per year, indicating a remarkable
impact in the scientific community. Other articles with
significantly impact include Chang S (2019) and Zhang Y
(2022), with 168 and 122 citations respectively, and high
Normalized TC values, indicating strong thematic relevance
and research quality. Several articles stand out for being
published in highly reputable journals such as Nature,
Journal for ImmunoTherapy of Cancer, and Bioinformatics,

showing that KIRC research findings have expanded into
broader scientific fields like immunotherapy, bioinformatics,
and artificial intelligence [35, 36].

Discussion

The findings of this study showed a significant rise in
the number of publications related to the genetics and
treatment of KIRC from 2009 to 2025, with an annual
growth rate exceeding 28 %. This suggests that KIRC has
become a major focus in global kidney cancer research, with

Table 3. List of the 10 most cited documents in kidney renal clear cell carcinoma research (2009—2025)

Tabmna 3. Cnucox 10 Haubosee yumupyemuix uccae0o8anuil noueyHo-kaemounoeo paxka (2009—2025 ee.)

TC per year
Paper DOI Ei?a:it(());:; c(:?t‘;:li-zlg]z Normalized TC
per year)
A. Nagy, 2021, Sci Rep 10.1038/541598-021-84787-5 718 143.6 39.42
S. Chang, 2019, Exp Mol Med 10.1038/s12276-019-0230-6 168 24 4.84
Y. Zhang, 2022, J Immunother Cancer 10.1136/jitc-2021-004210 122 30.5 11.5
E Martinez-Jiménez, 2023, Nature 10.1038/s41586-023-06054-z 108 36 22.12
L. Peng, 2019, Cancer Med 10.100 [J 2/cam4.2583 108 15.43 3.11
Khalifa Nem, 2020, Ieee Access 10.1109/ACCESS.2020.2970210 100 16.67 4.67
Y. Kong, 2018, Bioinformatics 10.1093 /bioinformatics/bty429 100 12.5 3.34
B. Kocak, 2019, Am J Roentgenol 10.2214/AJR.18.20443 98 14 2.82
J.A. Guerrero-Martinez, 2018, Sci Rep 10.1038/s41598-018-20217-3 97 12,125 3.24
S. Kalra, 2020, NPJ Digit Med 10.1038/s41746-020-0238-2 91 15.17 4.25
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growing attention to molecular-based therapeutic
approaches [37]. This increase also aligns with the
development of sequencing technology and access to multi-
omics databases like TCGA and GTEx, which enabled
detailed exploration of genetic mutations, transcriptomic
profiles, and molecular pathways involved in the
pathogenesis of KIRC [38, 39]. Bibliometric visualization
in this study showed that terms such as “risk score,”
“prognostic signature,” and “immune infiltration” have
become increasingly common over the past decade. Keyword
clustering emphasizes a main theme centered on developing
gene-based predictive models and pan-cancer approaches,
demonstrating the integration of bioinformatics disciplines
with clinical oncology [40]. One of the main trends was
applying machine learning to develop predictive models for
the prognosis of KIRC patients based on the expression
of specific genes [41]. This was supported by the rise
of publications that use algorithms like LASSO-Cox,
Random Forest, and Support Vector Machine to select
genetic features. Conversely, cross-cancer approaches reflect
an effort to identify universal or specific biomarkers that can
be applied across various neoplastic entities. This indicates
a shift in the research paradigm from a single-dimensional
approach to a broader molecular mapping [42].

The dominant trend in Chinese research shown in this
analysis reflects the country’s steady research policy
of promoting precision science and publishing in international
journals. Central South University and Huazhong University
of Science and Technology have become key contributing
centers [43]. This geographical dominance is evident from
the volume of publications and bibliometric metrics like
citation counts and h and g indices, which are relatively high.
However, the share of international collaboration remains
low, below 10 %. This highlights the need to strengthen
global research networks, especially between low-resource
countries and established research centers, to improve
the generalizability of findings. The bibliometric data indicated
that highly cited articles focused on immunotherapy,
bioinformatics, and multi-omics integration [44]. This
indicated that integrative and innovative approaches are
gaining significant attention and are becoming the future
direction of KIRC research. Gene expression-based models,
microRNA analysis, and single-cell mapping are increasingly
becoming the main methods for identifying new therapeutic
targets. These findings reinforce precision medicine as a key
framework for KIRC therapy development. Therefore,
continued research through multidisciplinary collaboration
and the use of artificial intelligence to analyze large-scale
data will be crucial in supporting the translation
of laboratory results into effective and adaptive clinical
application practice.

The study showed that international collaborations
made up only 9. 9.66 % of publications. Strengthening
global research networks, especially between countries with
lower research capacities and established centers, could
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improve the diversity and influence of findings. This may
lead to more comprehensive studies and wider
dissemination. The analysis revealed strong interest
in immunotherapy, bioinformatics, and multi-omics
approaches. Future research should continue exploring
these innovative fields, as they are gaining momentum
and could lead to breakthroughs in KIRC treatment.
Promoting interdisciplinary studies that combine these
themes might provide valuable insights. Facilitating open
access to research data and findings can promote
collaboration and enable researchers to build on each
other’s work. This could include creating centralized
databases for KIRC research that are accessible worldwide,
fostering a more collaborative research community. The study
also indicated that gene expression-based prognosis models
and artificial intelligence are becoming increasingly important.
Encouraging collaboration among oncologists, geneticists,
bioinformaticians, and data scientists can lead to more robust
research results and new therapeutic strategies. As therapies
become more genetically targeted, securing additional
funding for precision medicine in KIRC research could speed
up the development of targeted treatments. This may involve
partnerships with government and private organizations to
support research focused on personalized therapies.
Conducting meta-analyses and systematic reviews can
synthesize existing research and identify gaps in the literature,
clarifying the current state of KIRC research. This can guide
future research questions and direct funding toward
underexplored areas. Raising awareness about KIRC and its
research among the public and healthcare professionals can
improve patient outcomes and increase participation in
clinical trials. Educational initiatives can bridge the gap
between research discoveries and clinical practice.

Conclusion

This study effectively mapped global trends in genetic
research and medicine, focusing on KIRC from 2009
to 2025 based on data from Scopus. The results show
a significant increase in publications with an annual growth
rate of 28.31 %, mainly contributed by researchers
and institutions in China. The most influential authors in
this field include Wang Y, who authored 58 publications
with a total of 773 citations and an h-index of 15, reflecting
a high level of academic influence in the KIRC research
community. Keyword analysis identified three major
clusters: gene-based predictive models, pan-cancer
approaches across different tumor types, and exploration
of tumor molecular biological mechanisms. Scientific
collaboration remains predominantly national, with
an international collaboration rate of only 9.66 %.
The majority of documents are original research articles,
averaging 6.96 authors per publication, indicating a high
level of collaborative effort in KIRC research. Visualization
of keyword co-occurrence networks emphasizes current
research priorities such as personalized therapy,
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immunotherapy, and multi-omics data integration.
The most cited articles generally cover topics in bioinformatics,
cancer immunology, and precision therapy, pointing to future
directions in the field. Overall, the findings provide
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