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Abstract

This study presents an extensive bibliometric analysis of cisplatin resistance (CR) in
breast cancer (BC) from 2010 to 2024, elucidating global research trends, collaboration
networks, and prospective research directions. Particular attention is given to novel
therapeutic strategies, such as multi-target drug design and biomarker-guided
treatments, aimed at overcoming challenges associated with drug resistance.
This study utilizes the PubMed database and employs a topic search strategy,
integrating the R package “bibliometrix” to conduct an in-depth analysis of the
number of published documents, patterns of collaboration, journal impact, author
contributions, institutional outputs, national collaboration networks, as well as
keyword co-occurrences and citation networks. China and the United States are the
principal contributors to research in this domain, with the Islamic Azad University
and the journal Cancers serving as the primary platforms for academic dissemination.
Notable researchers in this field include Wang, B. and Chekhun, V. F. Furthermore,
the study highlights three particularly significant publications. Research hotspots
include CR, triple-negative BC, BRCA1, DNA repair, microRNA, prostate cancer, ceRNA,
LINCRNA, and prognosis, while trending topics comprise CR, triple-negative BC, BRCA1,
autophagy, cytotoxicity, and DNA damage. This study provides actionable insights into
research trends and translational opportunities in BC CR, emphasizing the integration
of microRNA regulation, autophagy mechanisms, and multi-target drug design in
clinical applications. Collaborative efforts between leading countries and institutions
are pivotal to advancing therapeutic strategies and improving patient outcomes.

Keywords: Breast cancer; Bibliometrics; Research trends; Cisplatin resistance; Multi-target
drug design; Precision oncology; Therapeutic strategies; Translational medicine

1. Introduction

Breast cancer (BC) is characterized by considerable molecular heterogeneity. Despite
substantial advancements in early screening and therapeutic interventions in recent
years, the efficacy of treatment remains influenced by a multitude of factors.! Cisplatin,
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a chemotherapy agent extensively utilized across various
cancer types, demonstrates limited effectiveness in the
treatment of BC.> Cisplatin primarily exerts its therapeutic
effects through the formation of DNA adducts, leading
to cell death. Nevertheless, a significant number of BC
patients exhibit acquired resistance to cisplatin following
treatment, thereby substantially diminishing its clinical
efficacy.’

Cisplatin resistance (CR) constitutes a multifactorial
phenomenon characterized by mechanisms such as genetic
alterations and augmented DNA repair processes, which
collectively diminish its therapeutic efficacy.* Research
has demonstrated that the tumor microenvironment,
the expression of intracellular drug efflux pumps, and
the enhancement of DNA repair mechanisms are critical
contributors to CR.> Consequently, a comprehensive
investigation into the mechanisms underlying BC
resistance to cisplatin is essential not only for elucidating
the biological foundations of this resistance but also
for establishing a theoretical framework to inform the
development of novel therapeutic strategies.®

Furthermore, research on CR underscores the critical
importance of personalized treatment strategies. By
employing molecular signature analysis, it is possible to
distinguish between patients who are either sensitive or
resistant to cisplatin, thus enabling the optimization of
treatment regimens and enhancing therapeutic outcomes.”
Despite significant advancements in chemotherapy,
resistance to cisplatin remains a formidable challenge in
the treatment of BC. Dysfunction in BC susceptibility gene
1 (BRCA1), a crucial determinant of cellular sensitivity,
alongside the regulation of autophagy, has emerged as a
potential therapeutic target. Conducting a comprehensive
analysis of current research trends could provide
valuable insights for guiding translational studies and the
development of innovative drug designs.®

Bibliometrics is a field dedicated to the quantitative
study of scientific publications. It has become an essential
instrument for revealing research trends, identifying
knowledge gaps in research fields, and assessing the
influence of scientific research results’ In addition,
analyzing models and collaboration networks enables
researchers to better understand the interconnections
between disciplines and the contributions of various
countries in specific research fields."

The objective of this research is to conduct an in-depth
bibliometric analysis of the literature concerning cisplatin
chemoresistance in BC, published from 2010 to 2024.
This analysis focuses on trends in publications, patterns
of collaboration, and identification of leading contributors
to the field, including countries, institutions, journals, and

authors. Furthermore, this research looks into significant
research topics and new development trends within the
field, intending to offer guidance and insights for future
research directions and clinical practices.

2, Methods
2.1. Data origins and search strategy

PubMed served as the principal data repository, providing
access to an extensive database of biomedical literature.!
Pertinent studies were identified through the following
search strategy: (“breast cancer” OR “mammary
carcinoma” OR “breast neoplasms”) AND (“cisplatin” OR
“DDP”) AND (“drug resistance” OR “cisplatin resistance”
OR “chemoresistance” OR “resistant”) in title/abstract,
with restrictions applied to the title/abstract fields. The
dataset was acquired on September 9, 2024, and included
comprehensive metadata exported through PubMed’s
“export file” functionality.?

2.2. Data analysis

The primary tool used in this study for bibliometric
analysis is the R package version 4.2.3 of “bibliometrix,’*?
which was accessed at https://www.bibliometrix.org.
R code was used alongside the Bibliometrix package
for data analysis (R version 4.2.0).'*"* The Bibliometrix
package included the “biblioAnalysis()” command
and the “summary()” function,' which aided in the
initial interpretation of data. The “metaTagExtraction”
and “Biblionetwork” commands were used to analyze
collaboration networks, and the “Networkplot”
command was then employed for graphical
representation. Moreover, the “Biblioshiny()” function
was utilized to examine national scientific partnerships,
networks of institutional collaborations, keyword
analysis, co-occurrence networks, and thematic map
analysis.

3. Results
3.1. Exploring and analyzing literature

A comprehensive examination of the literature revealed
640 relevant articles, with Figure 1 clearly outlining the
methodology.

3.2. Analysis of publication and citation trends

As depicted in Figure 2A, the annual volume of publications
exhibited an upward trend from 2010 to 2020, followed by
a subsequent decline from 2021 to 2024. Since 2010, the
average annual citation frequency has exhibited a declining
trend; potential reasons may encompass citation lag time,
the emergence of alternative therapies, among other
factors.
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Figure 1. Study flow diagram
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Figure 2. Publication-related data. (A) Trends in yearly publications and their average citations. (B) Three-field system (Left field: Author name; Middle
field: Affiliation; Right field: Source). (C) Bar graph showing the distribution of literature sources. (D) The cumulative publication volume of the five top

journals over the years.

3.3.Three-field system

Figure 2B illustrates the collaborative networks among
authors, institutions, and publications.

3.4. Journal analysis

Figure 2C presents the ten journals with the highest
number of publications, with Cancers ranking first (n =17),
followed by the International Journal of Molecular Sciences
(n = 14), and Biomedicine and Pharmacotherapy (n = 13)

in third position. Meanwhile, Figure 2D illustrates the
annual publication trends, indicating an overall upward
trajectory for all categories. Notably, the journal Cancers
demonstrates the most rapid growth, whereas the others
exhibit a more stable increase.

3.5. Author analysis

Figure 3A identifies the top 10 authors based on
publication volume, with Chekhun, V. E (n = 8) leading
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Figure 3. Analysis of core authors and their collaboration networks. (A) The top 9 highly relevant authors. (B) A review of the productivity trends of the
top 10 authors over time. (C-E) Maps showing collaboration networks and their density: (C) map of collaboration networks, (D) map of density, and (E)

the number of links associated with each node.

the list. Lukianova, N. Y. (n = 6) is tied for second place,
while Wang, B. (n = 5) and Wang, Y. (n = 5) share the
third position. Figure 3B illustrates the annual publication
trends, revealing that most authors typically published one
paper per year. Notably, Chekhun, V. E published three
papers in 2012, Hou, M. published two in 2016, and Wang,
B. published three in 2019, demonstrating their heightened
research activity during these years. Figures 3C-E
depict the co-authorship network, where lines between
nodes signify collaborative efforts, and highlighted
connections denote frequent collaborations among highly
prolific authors. Significantly, Wang, B. (Cluster = 8;
Betweenness = 15; Closeness = 0.125; PageRank = 0.0344),
Chen, H. (Cluster = 8; Betweenness = 0; Closeness = 0.0909;
PageRank = 0.0279), Wu, J. (Cluster = 8; Betweenness = 0;
Closeness = 0.0909; PageRank = 0.0279), and Chekhun,
V. E (Cluster = 9; Betweenness = 0; Closeness = 0.5;
PageRank = 0.0266) are distinguished in the network
analysis. The inclusion of Wang, B., Chen, H., and Wu, J.
within the same cluster indicates potential shared research
interests or collaborative efforts, with Wang, B. emerging as
the most influential researcher based on the given metrics.
Chekhun, V. E holds a pivotal role within the network,
promoting collaborations with fellow researchers.

3.6. Institutional analysis

Figure 4A presents the top 10 institutions ranked by
publication volume. Islamic Azad University leads with 30

publications, followed by a tie for second place between
Harvard Medical School and University of Alberta, each
with 17 publications. China Medical University and Sun
Yat-sen University are tied for third place, each contributing
15 publications. Figure 4B provides a detailed analysis of
the annual publication trends, indicating a general upward
trajectory. The University of Alberta demonstrates a
consistent level of output, while Islamic Azad University
exhibits a marked increase in publication volume following
the year 2022.

3.7. Country analysis

Figure 5A shows a list of countries ranked according to the
number of publications by corresponding authors, with
China occupying the foremost position (total publications
[P] = 209; single-country publications [SCP] = 186; and
multi-country publications [MCP] = 23). Next is the
United States (USA, P = 66; SCP = 51; MCP = 15) and India
(P = 26; SCP = 22; MCP = 4). China’s research output in
this domain substantially surpasses that of other nations,
characterized by frequent international collaborations.
While most countries participate in multi-country
collaborations, Portugal (P = 6; SCP = 6; MCP = 0) and
Turkey (P = 6; SCP = 6; MCP = 0) exhibit a notable absence
of such cooperative efforts.

The analysis in this study covers publications from 59
countries and regions globally, as shown in Figure 5B, with
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Figure 4. Analysis of core institutions and their research output. (A) The top 10 most relevant affiliations. (B) Production over time for the top five
affiliations.
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Figure 5. Analysis of publication characteristics and performance at the national level. (A) The ranking of publications by the countries of corresponding
authors and the percentage of international collaboration (blue represents single-country publications, green represents multi-country publications).
(B) The number of publications published in each country. (C) The 20 leading countries in terms of publication numbers. (D) Percentage of publications
in the leading 20 countries. (E) Publication numbers and their growth trends in the top five nations. (F) Number of articles cited in the country with the
most publications.

Figure 5C and D illustrating the geographical spread of Figure 5E illustrates the annual publication trends of the
these publications, highlighting the top 20 countries and top five countries by volume, highlighting overall growth.
regions. China leads in publication numbers with 635 China and the USA show particularly rapid increases,
entries (41.5%), followed by the USA with 222 entries while Germany has seen a significant rise in publications
(14.51%), and Germany with 61 entries (3.99%). since 2017.
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Meanwhile, Figure 5F presents the top 10 nations
ordered by total citations (TC), highlighting that China
(TC =1834) and the USA (TC = 1688) possess significantly
higher citation counts compared to other countries,
underscoring their considerable international influence in
scientific output.

3.8. Map of global collaboration among countries

The network for international research collaboration,
involving 52 countries and regions, is depicted in Figure 6.
The USA and China have the highest collaboration
frequency, partnering 17 times. In addition, the USA,
China, Italy, and Germany show notable activity and
diversity in their international research partnerships, as
reflected in their extensive collaborations with various
countries and regions. Future collaboration between
translational medicine teams in China and the USA
has the potential to accelerate the clinical application of
these findings, thereby facilitating the development of
multicenter clinical trials focused on therapies for CR.

3.9. Outstanding literature

This section reviews the ten most influential papers
in the research field, assessed through international
rankings based on citations (Figure 7A and Table 1) and
rankings by impact factor (Table 2). The paper titled
“Identification of distinct basal and luminal subtypes
of muscle-invasive bladder cancer with different
sensitivities to frontline chemotherapy” has been cited
789 times, highlighting its significant influence. In
addition, the studies “Overexpression of BLM enhances
DNA damage and sensitivity to platinum salts in

triple-negative breast and serous ovarian cancers”
and “Approaches to treat triple-negative metastatic
breast cancer: Individualized targeted treatments or
chemosensitization?” are also notable, distinguished
by a high impact factor of 56.7, establishing them as
benchmarks in the domain.

3.10. Network of co-citations

The literature’s co-citation network 1is illustrated
in Figure 7B-D, highlighting “Galluzzi L, 2011
(Cluster = 1; Betweenness = 296.277; Closeness = 0.0056;
PageRank = 0.0841) and “Dasari S, 2014” (Cluster = 1;
Betweenness = 275.6006; Closeness = 0.0056;
PageRank = 0.0723) as pivotal documents in the research
domain. Their inclusion in the same cluster indicates a
thematic linkage and a common research focus among the
scholarly community.

3.11. Keyword analysis

Figures 8A-C present the ten most common keywords in
the field’s literature, with “Breast cancer” (n = 142) and
“Cisplatin” (n = 119) being the most frequent, far exceeding
others. Other notable keywords include “Drug resistance”
(n = 49), “Chemoresistance” (n = 43), “Apoptosis”
(n = 40), “Triple-negative breast cancer (TNBC)” (n = 32),
“Cisplatin resistance” (n = 28), “Chemotherapy” (n = 24),
“Cancer” (n = 22), and “Resistance” (n = 18). These results
are consistent with the word cloud, underscoring their
importance in the field. Figure 8D shows the annual trends
of these keywords, indicating a steady increase, especially
for “Breast cancer” and “Cisplatin,” which suggests rising
interest. The growing frequency of terms such as “Drug

Latitude

Figure 6. A map showing collaborative networks among countries around the world
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(B) Visualization of the literature co-citation network. (C) The density of co-citations in literature. (D) The number of connections between nodes.
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Table 1. Literature with a high citation rate

Title Published date Periodical IF  Quoted
Identification of distinct basal and luminal subtypes of muscle-invasive bladder February 2014,15  Cancer Cell 488 789
cancer with different sensitivities to frontline chemotherapy.
R428, a selective small molecule inhibitor of Axl kinase, blocks tumor spread ~ February 2010, 11 Cancer Research 125 241
and prolongs survival in models of metastatic breast cancer.
Stabilization of mutant BRCA1 protein confers PARP inhibitor and platinum  October 2013, 3 Proceedings of the National 9.4 143
resistance. Academy of Sciences of the

United States of America
Alterations of microRNAs and their targets are associated with acquired January 2010,26  International Journal of Cancer 5.7 140
resistance of MCF-7 breast cancer cells to cisplatin.
Intrinsic basal and luminal subtypes of muscle-invasive bladder cancer. June 2014, 25 Nature Reviews Urology 12.1 136
Fabrication of curcumin encapsulated PLGA nanoparticles for improved July 2010, 15 Journal of Colloid and Interface 9.4 122
therapeutic effects in metastatic cancer cells. Science
miR-134 in extracellular vesicles reduces triple-negative breast cancer September 2015, 30 Oncotarget 0 115
aggression and increases drug sensitivity.
FOXMI1 confers acquired cisplatin resistance in breast cancer cells. January 2010, 14 ~ Molecular Cancer Research 4.1 107
Proteomic markers of DNA repair and PI3K pathway activation predict October 2013, 1 Clinical Cancer Research 10 101
response to the PARP inhibitor BMN 673 in small cell lung cancer.
Disulfiram targets cancer stem-like cells and reverses resistance and September 2013, 7  British Journal of Cancer 6.4 87
cross-resistance in acquired paclitaxel-resistant triple-negative breast cancer
cells.

Abbreviations: BRCA1: Breast cancer susceptibility gene 1; FOXM1: Forkhead box proten M1; IF: Impact factor; PARP: Poly-ADP-ribose
polymerase; PLGA: Poly (lactic-co-glycolic acid).

Table 2. Literature that received high scores

Title Published date Periodical IF  Quoted

Overexpression of BLM promotes DNA damage and increased sensitivity to platinum February 2018, 17 Annals of Oncology 56.7 27
salts in triple-negative breast and serous ovarian cancers.

Treatment of triple-negative metastatic breast cancer: toward individualized targeted October 2010, 15 Annals of Oncology 56.7 50
treatments or chemosensitization?

Clonal fitness inferred from time-series modelling of single-cell cancer genomes June 2021, 24 Nature 50.5 5
Identification of distinct basal and luminal subtypes of muscle-invasive bladder cancer ~ February 2014, 15  Cancer Cell 488 789
with different sensitivities to frontline chemotherapy.

Multicenter Phase II study of lurbinectedin in BRCA-mutated and unselected metastatic ~ September 2018, 22 Journal of Clinical 42.1 25
advanced breast cancer and biomarker assessment substudy. Oncology

A novel IncRNA ROPM-mediated lipid metabolism governs breast cancer stem cell October 2021,30  Journal of Hematology 29.5 6
properties. and Oncology

HLF regulates ferroptosis, development and chemoresistance of triple-negative breast January 2022, 7 Journal of Hematology 29.5 3
cancer by activating tumor cell-macrophage crosstalk. and Oncology

Micro-RNA expression in cisplatin resistant germ cell tumor cell lines. May 2011, 18 Molecular Cancer 27.7 49
Interferon regulatory factor 4 binding protein is a novel p53 target gene and suppresses ~ August 2012, 15 Molecular Cancer 27.7 15
cisplatin-induced apoptosis of breast cancer cells.

The tumor proteasome as a novel target for gold (III) complexes: implications for breast ~ January 2010, 5 Coordination 20.3 19
cancer therapy. Chemistry Reviews

Abbreviations: BLM: Bloom helicase; HLF: Hepatic leukemia factor; IncRNA: Long non-coding RNA; ROPM: Regulator of phospholipid metabolism.

resistance,”  “Chemoresistance,” “Cisplatin  resistance,” 3.12. Thematic co-occurrence network analysis
“Chemotherapy,” and “Resistance” highlights a focus on Figures 9A-C facilitate the visualization of keywords
overcoming CR in BC treatment. pertinent to this domain. By analyzing these network
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Figure 9. Analysis of keyword clustering and co-occurrence relationships. (A) Keyword analysis-based clustering diagram. The circle size corresponds
to the number of occurrences, while the color indicates cluster diversity. (B) The darker areas indicate greater co-occurrence frequencies or stronger

relationships. (C) The number of connections between nodes.

indicators, it is possible to discern research hotspots
and key concepts, along with their respective positions
and significance within the research network. We
classified the keywords into six distinct clusters and
observed that “Breast cancer” (Cluster 1; Betweenness
centrality = 557.6428; Closeness centrality = 0.0185;
and PageRank = 0.2057) holds a pivotal position
in the research landscape. Similarly, “Cisplatin”
(Cluster 1; Betweenness centrality = 299.9237; Closeness
centrality=0.0161;andPageRank=0.1631),“Chemoresistance”
(Cluster 2; Betweenness centrality = 51.8449; Closeness
centrality = 0.013; and PageRank = 0.0528), and “Cisplatin
resistance” (Cluster 2; Betweenness centrality = 45.25;
Closeness centrality = 0.0116; and PageRank = 0.0294)
exhibit significant betweenness centrality within their
respective clusters. This underscores the extensive
scholarly focus on CR. Keywords such as “Cytotoxicity;’
“Autophagy,” and “DNA damage,” characterized by low
betweenness centrality and PageRank values, show reduced
co-occurrence frequencies compared to other keywords.
Keywords such as “Cytotoxicity” (Betweenness = 0,
Closeness = 0.0116, and PageRank = 0.0126), “Autophagy”
(Betweenness = 0, Closeness = 0.0118, and
PageRank =0.0128), and “DNA damage” (Betweenness = 0,
Closeness = 0.0108, and PageRank = 0.0085) within Cluster
1 may indicate potential research avenues. The identification
of “Ovarian cancer” (Cluster = 1; Betweenness = 0.3532;
Closeness = 0.0122; and PageRank = 0.0228), “Colorectal
cancer” (Cluster = 1; Betweenness = 0; Closeness =
0.0116; and PageRank = 0.0101), and “Lung cancer”
(Cluster = 1; Betweenness = 0; Closeness = 0.0096;

and PageRank = 0.005) suggests that researchers are
investigating CR across various cancer types, not limited to
BC. In addition, the significant roles of “Cancer stem cells”
(Cluster = 2; Betweenness = 0.1834; Closeness = 0.0112;
and PageRank = 0.0129) and “Metastasis” (Cluster = 2;
Betweenness = 1.2243; Closeness = 0.0111; and
PageRank = 0.0138) are emphasized in the progression of
BC and the development of CR.

3.13.Trend analysis and thematic mapping

Figure 10 presents the frequency of emergence of several
key research themes across different years. Notably,
“Breast cancer” (Cluster 1) and “Cisplatin” (Cluster 1) are
the most frequently appearing themes in the literature,
with occurrences of 142 and 119, respectively. The median
annual occurrence for these themes is 2020, reflecting
sustained scholarly attention since 2018 and a peak in
research activity in 2020, thereby indicating their status as
persistent focal points. Furthermore, the topics of “Cancer
stem cells” (Cluster 2) and “Metastasis” (Cluster 2),
although less frequently addressed, have median annual
occurrences in 2019 and 2021, respectively, signifying
continued research interest. The terms “Drug resistance”
(Cluster 1) and “Chemoresistance” (Cluster 2) are
mentioned 49 and 43 times, respectively, with a median
annual occurrence in 2020, highlighting an increasing
concern regarding drug resistance in recent years. The
terms “Triple-negative breast cancer” (Cluster 2) and
“TNBC” (Cluster 1) exhibited median annual occurrences
in 2021 and 2022, respectively, reflecting a growing
scholarly interest in this research domain. Similarly,
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“Autophagy” (Cluster 1) and “Cytotoxicity” (Cluster 1)
demonstrated median annual occurrences in 2021 and
2022, respectively, highlighting an increasing focus on
these biological processes as potential therapeutic targets
in cancer research. These trends may suggest emerging
directions for future research.

This study seeks to identify key research themes in
the field, acknowledging the difficulty of predicting
future research paths. To address this, we utilized the
thematic map module (Figure 11) to examine significant
topics and potential research directions. In the first
quadrant, clusters include “DNA repair,” “MicroRNA,”
and “Prostate cancer;” as well as “Competing endogenous
RNA” (ceRNA), “Long intergenic non-coding RNA’
(LINCRNA), and “Prognosis” The fourth quadrant
features clusters of “Breast cancer,” “Cisplatin,” and “Drug
resistance,” which are central to this study. “Cytotoxicity”
and “DNA damage” are associated with anticancer and
multi-drug resistance within the same quadrant. Clusters
of “CR;” “INBC,;” and “BRCA1” are in the first and fourth
quadrants, emphasizing their role as both current research
hotspots and developing trends. Our analyses suggest
that addressing CR in BC is a major focus of current
research. The analysis indicates that current research
primarily concentrates on CR, TNBC, BRCA1l, DNA
repair, microRNA, prostate cancer, ceRNA, LINCRNA,
and prognosis. Future research is expected to focus on
CR, TNBC, BRCA1, autophagy, cytotoxicity, and DNA
damage. CR, TNBC, and BRCA1 are central to current
research and are expected to remain key areas of focus in
future studies. The findings indicate that future research
should prioritize the investigation of BRCA1-mediated
DNA repair mechanisms and the regulation of autophagy
as crucial pathways for the development of multi-target
therapeutic strategies.

4. Discussion

4.1. Review and in-depth interpretation of
bibliometric results

4.1.1. Review of current research status

The period from 2010 to 2024 has witnessed a general
upward trajectory in the number of publications within
this field; however, a downturn has been observed since
2021. This suggests that research activity may have reached
its zenith in 2020, followed by a subsequent decline.
The persistent decrease in citation counts could indicate
a possible decrease in the quality of published papers
or highlight the challenges associated with achieving
significant breakthroughs in this area of research. Notably,
the journal Cancers has emerged as the primary publication
venue for research in this field, consistently demonstrating
an increase in the number of articles published annually.
Authors including Chekhun, V. E, Lukianova, N. Y., and
Wang, B. exhibit a prolific publication record. Analysis of
their collaborative network reveals a strong cooperative
dynamic among researchers, with Wang, B. and Chekhun,
V.E occupying central roles. Their prominence underscores
their significance within this academic domain. Since
2022, Islamic Azad University has initiated the publication
of research in this domain, rapidly establishing itself as the
leading institution in terms of publications from 2010 to
2024. This achievement underscores the university’s robust
academic standing and highlights its significant focus on
the issue of BC resistance to cisplatin chemotherapy in
recent years. Furthermore, China and the USA occupy
the first and second positions, respectively, in terms of
the number of publications and citations. This indicates
their substantial lead over other countries in this field and
suggestsahighlevel of collaboration between them. Notably,
China Medical University and Sun Yat-sen University, both
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of which are ranked third in terms of publication output,
along with prominent authors such as Wang, B., Chen,
H., and Wu, J., are all affiliated with Chinese institutions.
This concentration of leading researchers and institutions
justifies the forefront position where the China’s research
outcomes in this field have occupied currently on the global
scale. The paper titled “Identification of distinct basal and
luminal subtypes of muscle-invasive bladder cancer with
different sensitivities to frontline chemotherapy”” has been
cited 789 times. In addition, the articles “Overexpression of
BLM promotes DNA damage and increased sensitivity to
platinum salts in triple-negative breast and serous ovarian
cancers™® and “Treatment of triple-negative metastatic
breast cancer: toward individualized targeted treatments
or chemosensitization?”"? possess an impact factor as high
as 56.7. These works have provided significant insights and
have substantially advanced the development of the field.
In the co-citation network analysis of the literature, it was
observed that the works of Galluzzi et al.*® and Dasari and
Tchounwou? exhibit a significant interrelation in terms
of research topics, concepts, or methodologies, and have
been extensively cited in subsequent studies. A keyword
analysis identified the central themes of this research to
include “Breast cancer;” “Cisplatin,” and “Drug resistance.”
Through an examination of the topic co-occurrence
network, trend topics, and topic maps, this study identifies
“Cisplatin  resistance,” “Triple-negative breast cancer
(TNBC),” “BRCA1,” “DNA repair,;” “MicroRNA,” “Prostate

cancer;  “ceRNA;” “LINCRNA; and “Prognosis” as
prominent areas of current research interest. Furthermore,
it anticipates that “Cisplatin resistance,” “INBC,” “BRCA1,
“Autophagy, “Cytotoxicity, and “DNA damage” will
emerge as significant topics in future research endeavors.
Recent findings indicate that concurrently targeting
BRCA1-mediated DNA repair mechanisms and autophagy
regulation could provide a dual-faceted strategy to address
CR. This methodology shows potential for the development
of novel multi-target therapeutics.

4.1.2. Hotspots and trends in research

A bibliometric analysis reveals that the terms “Cisplatin
resistance,” “BRCA1) and “TNBC” have consistently
emerged as prominent and central keywords from 2010
to 2024. Investigations concerning BRCA1 are poised to
offer significant insights into the mechanisms underlying
CR. In patients with TNBC, BRCAI mutations not only
influence the sensitivity to cisplatin therapy but may also
initiate novel mechanisms of drug resistance through
modulation of the DNA repair pathway?** Research
indicates that tumor cells deficient in BRCA1 demonstrate
heightened sensitivity to DNA-damaging agents like
cisplatin, offering novel insights for targeted therapeutic
strategies.”>** However, there are notable limitations in the
current research on this topic. Nevertheless, during the
course of treatment, tumor cells can develop resistance
to these drugs through multiple mechanisms, such as the
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reactivation of DNA repair pathways.*? For instance, the
loss of BRCA1 function may compel tumor cells to depend
on alternative DNA repair mechanisms, consequently
diminishing their sensitivity to cisplatin.”®*” It’s crucial
to recognize that studies exploring these resistance
mechanisms often rely on simplified models, which might
not fully represent the complexities of resistance evolution
in patients. Furthermore, a substantial correlation exists
between BRCA1 expression levels and CR, indicating
the necessity of considering BRCA1 status to optimize
treatment strategies in clinical practice.”>*** Incorporating
BRCA1 mutation screening into clinical practice has the
potential to stratify patients effectively and inform the
administration of cisplatin in conjunction with poly ADP-
ribose polymerase (PARP) inhibitors, thereby enhancing
therapeutic outcomes. Nonetheless, the application
of BRCAI expression as a predictive biomarker is
complicated by technical variability in assessment methods
and considerable intra- and inter-tumoral heterogeneity.
These precision oncology strategies may prove crucial
in overcoming the resistance challenges associated with
TNBC.

4.1.3. Future directions in hotspot interdisciplinary
areas

(A). Regulatory role of microRNA
In contrast to prior investigations, this study combines
bibliometric analysis with trend prediction to elucidate
novel intersections between BRCA1 dysfunction and
microRNA regulation. As a gene regulatory factor,
microRNA may substantially influence CR by targeting
BRCA1 or autophagy-related genes, such as BECNI.
Otherwise, studies have shown that microRNA-21
(miR-21) enhances the chemoresistance of gastric
cancer cells by inhibiting autophagy, a process
mediated through the PI3K/Akt/mTOR signaling
pathway.”® Furthermore, miR-223 has been identified
as a regulator of autophagy through its targeting of
F-box and WD repeat domain-containing protein
7 in non-small cell lung cancer, which subsequently
impacts sensitivity to cisplatin.?® In the context of
ovarian cancer, the expression of miR-1301 has been
correlated with CR, potentially influencing this
resistance by modulating autophagy and epithelial-
mesenchymal transition.” In addition, recent studies
have demonstrated that NIMA-related kinase 2
promotes autophagy by stabilizing the Beclin-1
protein, which contributes to the development of
resistance to bortezomib in multiple myeloma cells.?!
In small cell lung cancer, miR-199a-5p has been
identified as a potential mediator of CR through its
regulation of the interaction between the p62 gene and

(B).

autophagy.*? In addition, miR-4486 has been found to
inhibit autophagy by targeting autophagy-related gene
7, thereby reversing CR in colon cancer cells.”® The
main shortcomings of these initial studies are their
focus on single miR-target interactions, overlooking
the study of combined regulatory networks. Moreover,
there is a significant absence of in vivo validation in
the context of BRCA-mutated TNBC, which is the
group most relevant to the mechanisms of CR. Further
investigation into the roles of these and other miRs,
particularly in relation to BRCAI, could elucidate
additional regulatory mechanisms associated with CR
in BC. Such insights may facilitate the development
of targeted therapeutic strategies. Future clinical
trials ought to prioritize the stratification of patients
according to BRCA1l and microRNA profiles to
improve the precision and efficacy of cisplatin-based
treatment regimens.

Connection between autophagy and TNBC resistance
Although prior research has elucidated the influence
of BRCAI mutations on the sensitivity to platinum-
based chemotherapeutics, the interaction with
autophagy-related pathways remains insufficiently
investigated. The role of autophagy in cancer is
multifaceted, as it can either facilitate tumor cell
survival or induce cell death.** It is plausible that
a relationship exists between autophagy and drug
resistance in BRCAIl-deficient TNBC, wherein
the modulation of autophagy may impact tumor
progression and therapeutic response. For example,
under hypoxic or nutrient-deficient conditions, the
activation of autophagy can facilitate the survival
of tumor cells in adverse microenvironments.*
Furthermore, aberrant autophagy activation is
significantly associated with chemoresistance,
particularly in the context of BRCA1 deficiency.*
Research suggests that therapeutic strategies aimed
at modulating autophagy may effectively mitigate
drug resistance in TNBC, especially in conjunction
with targeted therapies.”” However, there remains
a considerable gap in translation. While altering
autophagy shows promise in preclinical models,
often using genetic silencing methods, achieving
targeted and safe pharmacological control of
autophagy dynamics in human tumors is still
challenging. This challenge arises due to the
risks of systemic toxicity and the triggering of
compensatory pathways. Autophagy-related genes,
including BECNI and MAPILC3A, and their
expression levels may impact patients’ responses
to chemotherapy.®*® Nonetheless, it’s crucial to be
exercise caution: while there are correlative findings
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between autophagy gene expression and prognosis,
these do not establish causality and frequently fail to
account for confounding factors, such as tumor stage
heterogeneity or prior treatment exposures among
study cohorts. In addition, studies have demonstrated
that autophagy within the tumor microenvironment
can influence tumor progression by modulating
the infiltration of immune cells.*” Consequently,
an enhanced comprehension of the mechanisms
underlying autophagy in BRCAIl-deficient TNBC
will establish a critical foundation for addressing CR
in this cancer subtype. Moreover, the intricate dual
roles of autophagy, encompassing “pro-survival”
and “pro-death” aspects, are heavily reliant on the
surrounding circumstances. Existing models often
overlook patient-specific variables, such as metabolic
conditions or immune microenvironment variations,
which play a key role in influencing autophagic
outcomes. Simultaneously, advancing research on
the dual role of autophagy-related molecules is
essential for the development of novel therapeutic
strategies."®"!

Systematic drug design

Research has demonstrated that resistance to
cisplatin is linked to multiple mechanisms,
involving DNA repair, evading programmed cell
death, and regulating autophagy.’”*** Targeting
the DNA repair pathway, specifically the BRCAI
gene, has the potential to increase the sensitivity of
tumor cells to cisplatin.*’ Furthermore, autophagy is
a critical factor in the survival and drug resistance
of tumor cells; thus, modulating autophagy may
significantly influence the response of these cells
to chemotherapeutic agents.* In TNBC, mutations
in the BRCAI gene result in a diminished capacity
for DNA repair, thereby rendering these cells
more susceptible to DNA-damaging agents such as
cisplatin.”” Nonetheless,astreatmentadvances, tumor
cells may develop resistance to the drug through
mechanisms such as the activation of autophagy.*
Consequently, integrating research on the ceRNA
mechanism may facilitate the identification of key
molecules that regulate both autophagy and DNA
repair, offering novel targets for drug development.*’
Nevertheless, due to the well-documented context-
dependency of ceRNA networks and the frequent
compensatory activation of alternative resistance
pathways in clinical settings, these targets
require extensive validation. The development of
pharmacological agents that simultaneously target
both BRCA1 and the autophagy pathway has the
potential to mitigate CR and enhance therapeutic

(9}

outcomes. This multi-targeted approach may not
only augment the antitumor efficacy of cisplatin but
also diminish the emergence of drug resistance.®
Future investigations should prioritize the effective
integration of these mechanisms to optimize clinical
efficacy.®’

4.2. In-depth analysis of drug resistance
mechanisms

4.2.1. Multiple functions of BRCA1

The function of BRCA1 extends beyond its involvement
in DNA homologous recombination repair; it plays a
critical role in the broader context of drug resistance
mechanisms. Specifically, BRCA1 contributes to genomic
stability by facilitating the repair of cisplatin-induced
DNA double-strand breaks. However, mutations in
BRCA1 can compromise its repair capabilities, resulting
in increased cellular sensitivity to cisplatin.?*** Notably,
some studies have indicated that tumor cells may regain
drug resistance through the occurrence of “reversion
mutations” in BRCA1.%** Moreover, BRCAL is linked to
the PI3K/Akt and KEAP1-Nrf2 pathways, with aberrant
activation of these pathways potentially facilitating drug
resistance through mechanisms such as oxidative stress or
augmented survival signaling.** Future studies should
undertake a systematic analysis of the interactions among
these signaling networks.

4.2.2. The twofold function of autophagy

As previously discussed, autophagy exhibits a dual role
in tumor cell survival, functioning to both promote
and inhibit this process.* It is also recognized that in
drug-resistant cells, autophagy facilitates cell survival
by mitigating metabolic toxicity induced by cisplatin,
notably through the overexpression of Beclin-1, a critical
regulator of autophagic activity in these cells.’®® Moreover,
excessive activation of autophagy has the potential to
counteract drug resistance by triggering mitochondrial
dysfunction and apoptosis. For example, research has
demonstrated that the concurrent use of cisplatin and
autophagy inducers can substantially increase apoptosis
rates.”

4.2.3. Combined treatment strategies

(A). Targeting DNA repair
PARP inhibitors have been demonstrated to
effectively impede the DNA repair mechanisms in
cells deficient in BRCA1. Research indicates that the
concurrent administration of cisplatin and PARP
inhibitors not only augments the incidence of DNA
double-strand breaks but also enhances therapeutic
efficacy by promoting apoptosis, thereby significantly
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improving the treatment response rate in patients
with TNBC.5¢

Regulating autophagy activity

Future research endeavors may focus on developing
combined pharmacological strategies that target
autophagy-related molecules. Empirical evidence
suggests that autophagy inhibitors, such as chloroquine
and  hydroxychloroquine, when administered
alongside chemotherapeutic agents in various cancer
types, augment the cytotoxic effects of cisplatin on
tumor cells by disrupting autophagic flux, thereby
significantly ~enhancing therapeutic efficacy.5*%
Furthermore, studies have demonstrated that the
integration of autophagy inhibitors with cisplatin can
effectively surmount drug resistance in tumor cells,
thereby enhancing patient prognosis.®® Subsequent
research should aim to identify and target critical
molecules within the autophagy pathway, concentrate
on the precise regulation of autophagy-related genes,
and refine drug combination strategies to offer novel
approaches for the treatment of TNBC.”

(B).

4.3. Optimization and development of international
cooperation

China and the USA are markedly leading other nations in
research within this domain, often engaging in collaborative
efforts. The literature suggests that joint publications
between China and the USA generally demonstrate a higher
academic impact. A joint study conducted by Harvard
Medical School in the USA and Sun Yat-sen University
in China has introduced an innovative approach for the
extraction of literature information, thereby advancing
BC research and enhancing the efficiency of medical
professionals and researchers.”” In resource-constrained
environments, academic collaboration can significantly
improve the sustainability and efficacy of research
endeavors.®® Cancer Core Europe exemplifies this by
amalgamating the expertise and resources of seven premier
cancer research institutions, thereby advancing research
and development in the field of precision oncology.®
Furthermore, international cooperation has been pivotal
in BC-related lymphedema research, as global collaborative
networks facilitate the sharing of data and resources among
researchers, thereby expediting research progress.”® In the
future, integrating Chinas high-yield research teams with
translational medicine teams in the USA has the potential
to generate more impactful research outcomes and facilitate
the clinical application of research findings. Establishing
a comprehensive network for multicenter studies can
significantly enhance the generalizability and applicability
of research outcomes, potentially expediting the global
approval process for innovative therapies targeting CR.

4.4, Clinical translation and therapeutic prospects
4.4.1. Implementation of personalized treatment

Individualized treatment strategies for TNBC that
incorporate BRCA1 genetic testing have demonstrated
considerable clinical potential. By identifying BRCA1-
deficient patients through genetic screening and
subsequently administering a regimen of cisplatin and
PARP inhibitors, therapeutic efficacy can be markedly
enhanced.”"”? This approach presents promising prospects
for TNBC patients and merits further advancement and
investigation in future clinical practice.”>™

4.4.2. Potential of novel drug development

(A). MicroRNA therapy

The exploration of microRNA mimics or inhibitors,
including miR-152-3p mimics, is underway to
modulate the expression of BRCA1 and autophagy-
related molecules.

Multi-target combination therapy

As previously discussed, the integration of DNA
repair inhibition with autophagy regulation in drug
design has the potential to inform the development
of therapeutic strategies that address a range of drug
resistance mechanisms.

(B).

4.4.3. Translational implications

The study of CR in BC reveals complex translational
implications. Multi-target drug design and combination
therapy are essential in treatment strategies. CR involves
various mechanisms, and drugs targeting both the
BRCA1-mediated DNA repair pathway and the autophagy
pathway, such as combining PARP inhibitors with cisplatin,
can enhance treatment response rates in patients with
TNBC. Using autophagy inhibitors alongside cisplatin
can increase cytotoxicity and help overcome resistance.
Personalized treatment for TNBC based on BRCA1 genetic
testing shows significant potential. Identifying patients
with BRCA1 deficiencies through genetic screening and
treating them with a combination of cisplatin and PARP
inhibitors can greatly improve efficacy. Meanwhile, recent
research has introduced deep learning models that could
serve as a technical foundation for integrating BRCAI
and other genetic data, thereby enhancing the accuracy
of stratification and the prediction of drug resistance in
BC imaging detection.”””® In addition, advancements
in novel drug development, including microRNA
therapy, can regulate related molecular expressions, and
multi-target combination therapy shows promise in
addressing various drug resistance mechanisms. However,
translational research faces challenges, including drug
resistance heterogeneity and recurrence, necessitating the
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development of more adaptable combination treatment
strategies and sustainable treatment plans. As research
advances, it is anticipated that patient prognosis will
improve in the future.

4.4.4. Limitations

The data utilized in this study are exclusively derived from
the PubMed database, potentially introducing publication
bias and limiting the retrieval of all pertinent literature.
Furthermore, the statistical cutoft date for this study is set
at September 9, 2024, which may result in incomplete data
for publications from that year and consequently impact
the reported findings, including the potential limitations
associated with the identification of emerging topics,
among others.

5. Conclusion

This study elucidates significant research trajectories
and collaborative networks concerning CR in BC, with a
particular focus on BRCA1 dysfunction and the regulation of
autophagy as crucial domains for therapeutic advancement.
It is recommended that future research endeavors prioritize
translational studies and the development of multi-targeted
pharmacological interventions to address the clinical
challenges associated with treatment resistance.
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