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ABSTRACT

Objective: Biomarkers have become critical tools for predicting treatment response and guiding the development of strategies to overcome
resistance. This study aims to examine research trends on drug resistance biomarkers in breast cancer from 2020 to 2025, with a focus on
identifying key themes, influential authors, contributing countries, and journals contributing to this topic, thus providing insight into ongoing
scientific developments and research directions. The bibliometric analysis was conducted using the Scopus database. The search employed the
keywords “drug resistance biomarkers” AND “breast cancer,” filtered for open-access articles published between 2020 and 2025 in English. A total
of 252 documents were selected based on inclusion and exclusion criteria. Data analysis and visualization were carried out using the Visualization
of Similarities viewer (VOSviewer) version 1.6.20, focusing on publication patterns, keyword co-occurrences, and collaboration networks. Out of
1,400 initial records, 252 publications met the inclusion criteria. The year 2022 recorded the highest number of publications. China and the United
States emerged as the leading contributors to research on this field. Major contributing journals included Cancers, Frontiers in Oncology and Breast
Cancer Research. Prominent research topics included circular RNAs, microRNAs, and protein. Several biomolecules, such as circUBAP2, miR-300,
ASF1B, and exosomal Del-1 protein, were identified as key mediators of resistance to chemotherapeutic agents like cisplatin, adriamycin, and
paclitaxel. To conclude, this study highlights the potential of specific biomolecules as predictive biomarkers and therapeutic targets for drug-
resistant breast cancer. Future research should integrate multi-omics approaches and international collaboration to enhance the clinical translation

of these findings and promote personalized treatment strategies.
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INTRODUCTION

Breast cancer is the most common type of cancer in women
worldwide. Based on data from the Global Cancer Observatory
(GLOBOCAN) 2022, breast cancer ranks first as the cancer with the
highest number of new cases in women, with 2,296,840 new cases
diagnosed, accounting for 23.8% of all cancer cases in women. In
addition, breast cancer is also the fourth leading cause of death from
cancer, with a death toll of 666,103 cases. The prevalence of breast
cancer in the last five years has reached more than 8.1 million cases,
indicating that this cancer has a significant impact on global health [1].

Cancer treatment can be carried out through surgery, chemotherapy,
or radiotherapy. Recommended treatments for breast cancer include
surgery, such as lumpectomy and mastectomy, which aim to remove
tumors and surrounding tissue to prevent cancer spread [2, 3].
Chemotherapy is used to Kkill or inhibit cancer cell growth, either
before surgery (neoadjuvant) to shrink tumors or after surgery
(adjuvant) to prevent recurrence, primarily using platinum-based
drugs (cisplatin) and taxanes (paclitaxel), and radiotherapy is also
often administered post-surgery to eliminate any remaining cancer
cells [4-6]. Despite treatment advances, drug resistance, particularly
to platinum-based therapies, presents a significant clinical challenge.
Approximately 50% of breast cancer patients develop resistance
after several treatment cycles, substantially compromising their
prognosis [7, 8]. This high resistance rate contributes to the poor
survival rate (20-30%) observed in advanced stages [6]. Recent
research by [9] has identified several molecular mechanisms
underlying this resistance, including altered drug metabolism,
enhanced Deoxyribonucleic Acid (DNA) repair capabilities, and
dysregulation of apoptotic pathways.

Although research into genetic and epigenetic mechanisms of
resistance has advanced, no reliable biomarkers have yet been
validated in clinical practice to predict response to platinum-based
chemotherapy. Accurate biomarkers are crucial for early
identification of  resistance, real-time monitoring, and
personalization of therapy. They support treatment decisions,
improve outcomes, and reduce unnecessary toxicity [10].

Bibliometric analysis represents a powerful methodological approach
in fundamental research, providing a statistical framework for
conducting systematic, transparent, and replicable reviews of scientific
literature through quantitative measurements [11]. A large amount of
scientific data was collected and analyzed using bibliometric software,
such as Visualization of Similarities viewer (VOSviewer), and scientific
databases such as Scopus [12]. Bibliometric analysis enables
researchers to visualize and understand the complex landscape of
drug resistance biomarker research by identifying emerging research
clusters and their interconnections, highlighting the temporal
evolution of key concepts and methodologies, and revealing
knowledge gaps that require further investigation [13].

Bibliometric analysis is a quantitative approach that evaluates
scientific publications to identify trends, collaborations, and research
gaps. By mapping keywords, co-authorships, and citations,
bibliometrics helps researchers understand how a field evolves. In
drug resistance biomarker research, this method allows tracking of
technological, molecular, and therapeutic developments across regions
and institutions. Recent studies [10] emphasize the importance of
integrated-omics approaches in biomarker discovery and resistance
profiling. Additionally, advanced machine learning techniques have
enhanced bibliometric analyses by identifying subtle patterns in
research trajectories that traditional methods might miss [13].

This study reports the findings of a bibliometric analysis of scientific
literature from the past five years on biomarkers associated with drug
resistance in breast cancer. The objective is to highlight emerging
trends and research dynamics with promising potential for future
investigation and application. It also identifies key contributors,
including authors, studies, countries, and institutions, along with other
relevant data. This information can be used to design future research,
build collaborative networks, and develop planning strategies to
improve the treatment and understanding of cancer [14].

Methods
Research design

A bibliometric method was used to analyze scientific articles indexed in
the Scopus database from 2020 to 2025. Scopus was selected for its wide
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coverage of high-impact journals and its compatibility with bibliometric
software [15]. Compared to other databases such as Google Scholar,
PubMed, and Web of Science, Scopus offers more comprehensive citation
data, indexing over 25,000 peer-reviewed journals, and includes a
broader range of disciplines beyond biomedical sciences [16, 17].

Additionally, Scopus facilitates easier export of bibliographic data in
formats compatible with bibliometric analysis tools like VOSviewer.
The analysis was conducted using VOSviewer version 1.6.20
visualization parameters, where each element (countries, keywords,
authors) was represented as a bubble, with size indicating relative
weight or frequency in the dataset [18, 19]. Other databases like
Google Scholar, Web of Science, and PubMed were excluded due to
limitations in export features or access. The study focused on
original articles and reviews published in English and open access,
as shown in the inclusion and exclusion criteria in table 1.
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Search strategy and criteria

The search query used was: TITLE-ABS-KEY ("drug resistance”
AND "biomarkers") AND TITLE-ABS-KEY ("breast cancer"*).
Boolean operators such as AND were used to ensure that the
search results contained all the specified keywords
simultaneously, thus increasing the precision and relevance of the
articles retrieved. The AND operator narrows the search by
retrieving only those articles that include both terms, in this case,
ensuring the focus remains on studies discussing both drug
resistance and biomarkers specifically within the context of breast
cancer. Filters included only open-access articles in English.
Duplicate records were removed using the Mendeley Reference
Manager to minimize limitations or potential biases in the
bibliometric analysis. A schematic of the methods employed in this
investigation is shown in fig. 1.

Table 1: Inclusion and exclusion criteria for document selection

S. No. Criteria Inclusion Exclusion
1. Publication Type Original research articles, Review articles Conference papers, Book chapters, Letters,
Editorials, Note, Short survey, Retracted, Conference
proceeding, and Erratum
2. Period January 2020-February 2025 Publications before 2020
3. Language English Non-English publications
4. Access Type Open access Subscription-based access
5. Research Focus Studies examining drug resistance biomarkers specifically ~ Studies not directly related to drug resistance or
in breast cancer focused on other cancer types
6. Methodology Gene expression analyses Ribonucleic Acid sequencing, Studies without clear methodological descriptions
microarray, Quantitative Reverse Transcription
Polymerase Chain Reaction (qQRT-PCR), gene silencing,
protein inhibition, and molecular abundance studies
about chemotherapy response.
7. Study Models Human patients, animal models, and cellular models Computer simulations without biological validation
8. Document Quality Peer-reviewed publications Preprints, non-peer-reviewed content
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Fig. 1: PRISMA flow diagram of the exclusion and inclusion of literature. The overall workflow of the study includes two main stages: an

initial Scopus search for papers produced between 2020 to 2025 related to resistance biomarkers in breast cancer, followed by a

screening stage, and finally, bibliometric analysis in VOSviewer. Adapted from references [12, 20]
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Data extraction and tools

Citation and bibliographical information, abstracts, and keywords
were among the bibliographic data that were obtained for research
publications and reviews. CSV files of the data were retrieved from
Scopus and exported to Microsoft Excel version 2021. Afterward,
data analysis and visualization were conducted using VOSviewer
version 1.6.20 and Publish or Perish version 8. These tools were
selected for their ability to visualize bibliometric networks and
generate cluster-based maps.

Data analysis

All statistical analyses were conducted in two stages. The first stage
involved descriptive analysis of bibliographic data, including articles,
citations, authors, collaboration, as well as the most frequent
journals and keywords. The second phase involved constructing a
network to examine bibliographic coupling, co-citation patterns,
collaboration, and co-occurrence [21]. Using the PICO model
(Patient/Population, Intervention, Comparison, and Outcomes), our
search targeted studies involving patients, animal models, and
cellular models, as well as research evaluating drug resistance in
breast cancer. The methods of interest included gene expression
analyses (RNA sequencing, microarray, qRT-PCR), gene silencing,
protein inhibition, and molecular abundance about chemotherapy
response.
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Only published papers that satisfied the inclusion criteria were
analyzed. The criteria included original research articles, review
articles, publications in English, and studies focused on drug
resistance biomarkers in breast cancer. Fig. 1 outlines the process of
data collection and study exclusion. Using a bibliometric tool [22] we
examined co-authorship among countries, co-occurrence of
keywords, and bibliographic coupling of authors, which were
visualized as network maps. Each element (countries, keywords, and
authors) was represented as a bubble, with its size indicating its
relative weight, which is proportional [18, 19, 23]. The bubble’s
color signifies the cluster to which the item belongs.

RESULTS AND DISCUSSION
Publication trends

Out of the 1,400 collected published papers on drug resistance
biomarkers in breast cancer, only 252 met the inclusion criteria fig. 1 .
These selected studies spanned 528 journals and were authored by 376
researchers. The earliest paper, published in 2000 by Amornmarn, R,
Bui, Prempree, and Masood, was titled "Molecular Predictive Factors for
Local Recurrence and Distant Metastasis of Breast Cancer After
Lumpectomy with Postoperative Radiation Therapy" [24]. The most
recent study, published in 2025 by Shi, Q., Yang, W.,, Ouyang, Y, Liu, Y,,
and Cai in Breast Cancer Research, explored "CXCR4 Promotes Tumor
Stemness Maintenance and CDK4/6 Inhibitor Resistance in ER-Positive
Breast Cancer” [25].
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Fig. 2: Publication trends on the topic of drug resistance biomarkers and breast cancer

The number of publications on drug resistance biomarkers in breast
cancer has fluctuated over the years, from 2020 to 2025 (fig. 2).. A
notable increase in research interest was observed in 2022, when
the highest number of publications was recorded, totaling 35 papers.
This surge can be attributed to heightened global awareness and
funding opportunities following the Coronavirus Disease 2019
(COVID-19) pandemic, which prompted increased collaborative
research efforts and policy-driven scientific investments. Notably,
2022 coincided with international campaigns such as Breast Cancer
Awareness Month initiatives, renewed commitments by the World
Health Organization’s Global Breast Cancer Initiative (GBCI), and
several large-scale funding calls from cancer research foundations
targeting post-pandemic innovation in diagnostics and personalized
medicine. These developments likely created a fertile environment
for research on drug resistance biomarkers to flourish. After 2022,
the number of publications began to decline. This drop may reflect a
natural saturation point in specific research niches, a shift in
scientific focus toward other subtypes of cancer or mechanisms of
resistance, or the redirection of funding to more translational or
clinical implementation projects. Additionally, the tapering of

emergency pandemic-related funding and prioritization may have
contributed to the observed decline. Across journals, Cancers (blue
line) led in publication volume, peaking in 2022 before a notable
reduction in subsequent years.

The International Journal of Molecular Sciences (purple line) also saw a
significant rise in publications, peaking in 2022 with more than 25
documents. However, similar to Cancers, the number of publications
declined in the following years. This trend indicates a concentrated
research interest around 2022, followed by a gradual decline. Frontiers
in Oncology (pink line) followed a similar trajectory, with a peak in
2022 at approximately 22 publications before experiencing a decline
in 2023 and 2024. This trend reflects a growing but temporary interest
in the topic within the oncology research community. In contrast,
Frontiers in Immunology (orange line) maintained a relatively stable
but lower number of publications across the years, suggesting a steady
contribution of immunological perspectives to drug resistance
research in breast cancer. Unlike the other journals, this journal did
not exhibit sharp fluctuations but rather a consistent presence. Breast
Cancer Research (yellow line) displayed a different pattern, with the
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number of publications declining sharply in 2022 before rising again in
2024. This unique trend could indicate shifting research priorities or
variations in publication acceptance rates for this journal.

In summary, the publication trend peaked in 2022, likely due to a
confluence of post-pandemic research momentum and global health
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initiatives focused on breast cancer. The subsequent decline across
most journals suggests a redistribution of scientific focus, possibly
toward translational applications or emerging oncological priorities.
Despite this decline, the topic of drug resistance biomarkers in
breast cancer continues to hold significant scientific and clinical
relevance.
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Fig. 3: The most productive countries on the topic of drug resistance biomarkers and breast cancer

Countries, institutions, and main collaboration networks

Fig. 3 highlights the most prolific and engaged countries in the study
of drug resistance biomarkers in breast cancer, determined by the
affiliated country of the corresponding author. The leading
contributor is China, with (74 documents), followed by the United
States (59 document), Italy (37 document), Spain (17 document),
India (13 document), France (10 document), the United Kingdom
(10 document), Canada (8 document), Germany (8 document) and
Saudi Arabia (8 document). The dominance of China and the U. S.
reflects their substantial investments in biomedical infrastructure,
national cancer initiatives, and large-scale funding programs.

These countries benefit from strong governmental and institutional
support, including high research budgets, well-established cancer
research centers, and access to cutting-edge technology and data
systems. China’s rise in scientific output has been driven by major
national strategies such as the "Healthy China 2030" plan and
extensive government funding through the National Natural Science
Foundation of China (NSFC). Similarly, the U. S. has long been a
leader in oncology research, with institutions like the National
Cancer Institute (NCI) providing continuous support for breast
cancer research and biomarker development. Their robust academic
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Curigliano, G.
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Bear, H.D.
Behdad, A.

Bellio, C.

ecosystems and international collaborations have positioned both
nations as hubs for innovative cancer studies.

However, the concentration of publications from these two countries
also raises potential concerns regarding bias in global research
contributions. One notable factor is funding inequality wealthier
countries tend to dominate high-impact publications due to better
access to resources, advanced laboratories, and publication networks.
Language barriers may also influence visibility: non-English-speaking
researchers, particularly from lower-income regions, may struggle to
publish in leading English-language journals, thereby limiting the
global diversity of perspectives and findings. These structural
imbalances risk marginalizing contributions from underrepresented
regions despite local relevance and clinical need.

This indicates that countries with well-established biomedical research
infrastructures, substantial funding allocations, and international
collaborations are at the forefront of scientific discoveries. The presence
of leading research institutions, such as the Chinese Academy of Sciences,
the National Cancer Institute (NCI) in the U. S, and major universities in
the UK, further reinforces the productivity in this domain. Moreover, the
increasing trend in publications from emerging economies suggests a
growing global interest in the field [26].
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Fig. 4: The top 10 authors on the topic of drug resistance biomarkers and breast cancer
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From an authorial perspective, the results reveal that the top 10
authors are responsible for a significant portion of the scientific
contributions related to drug resistance biomarkers in breast
cancer (fig. 4). Among them, Cristofanilli M. (3 documents, 38
citations), Curigliano, G. (3 documents, 223 citations), Davis, A. A.
(3 documents, 54 citations), Fusco, N. (3 documents, 150
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citations), Gerratana, L. (3 documents, 38 citations), Nicolo, E. (3
documents, 30 citations), Puglisi, F. (3 documents, 38 citations),
Bear, H. D. (2 documents, 219 citations), Behdad, A. (2 documents,
38 citations), and Bellio, C. (2 documents, 14 citations) have
played a key role in advancing knowledge through their extensive

publication records.

Table 2: The most productive affiliations on the topic of drug resistance biomarkers and breast cancer

S. Affiliations Country Number of Citations Brief of studies

No. publications

1. Universita degli Studi di Milano Italy 10 397 Cancer research, drug resistance, biomarkers

2. Harvard Medical School United States 9 124 Oncology, chemotherapy, targeted therapy

3. Istituto Europeo di Oncologia Italy 6 336 Breast cancer, immunotherapy, tumor microenvironment

4. Dana-Farber Cancer Institute United States 5 105 Chemotherapy, tumor immunology, and precision medicine

5. Sapienza Universita di Roma Italy 5 117 Drug resistance, molecular oncology, targeted therapy

6. Universita degli Studi di Padova  Italy 4 126 Cancer metabolism, pharmacogenomics, tumor suppression

7. Inserm France 4 11 Molecular oncology, epigenetics, and drug discovery

8. Nanjing Medical University China 4 28 Cancer biomarkers, targeted therapy, and chemotherapy
resistance

9. Zhengzhou University China 4 34 Oncogenic pathways, drug resistance, and chemotherapy

10.  Sun Yat-Sen University China 4 6 Immunotherapy, tumor biology, cancer genomics

Table 2 presents the most productive affiliations in this research area,
demonstrating that major cancer research centers are involved. The
most productive affiliation was Universita degli Studi di Milano, with 10
papers. Among the ten affiliations on the list, Italy had 4 affiliations, the
United States had 2 affiliations, China had 3 affiliations, and France had 1
affiliation. All of the countries with the most productive affiliations are
located in Europe, North America, and Asia. The highest number of
citations among the most productive affiliations was from Universita
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degli Studi di Milano, with 397 citations. This indicates that the papers
produced by Universita degli Studi di Milano on this topic are more
influential than those from other institutions. Their contributions span
various aspects of drug resistance mechanisms, biomarker discovery,
and therapeutic advancements. Through their strong collaborative
networks, they facilitate the dissemination of research findings and
foster interdisciplinary efforts, ultimately contributing to more effective
breast cancer treatments.
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Fig. 5: The network visualization of bibliographic coupling of authors on the topic of drug resistance biomarkers and breast cancer

Fig. 5 visualizes the bibliographic coupling of authors, revealing
clusters of interconnected researchers working on drug resistance
biomarkers in breast cancer. The different colored clusters
represent distinct research groups, with stronger connections
indicating a higher degree of shared references. The presence of
multiple clusters suggests that research in this field is being
conducted by several independent yet interrelated groups.
According to [27] bibliographic coupling analysis provides insights
into the intellectual structure of a research domain, illustrating how
different studies are linked based on shared references.

Notably, certain authors such as Zhang Y., Chen M., and Liu Y. appear
as central figures, forming the largest and most interconnected
clusters. Their strong bibliographic coupling suggests that their
work serves as a foundation for multiple studies in this domain. The
green cluster, including Cristofanilli M. and Clifton K., represents
another influential group contributing to breast cancer research.
Additionally, the rightmost portion of the network highlights
authors such as Aquliano M. C. and Botticelli A., who form a separate

but still connected research subgroup. This network analysis
highlights the importance of collaboration in advancing cancer
research. Researchers frequently co-author studies, share
methodologies, and build upon each other’s findings.

The most relevant words

The study of drug resistance biomarkers in breast cancer has become
a crucial area of research in oncology, particularly in efforts to improve
treatment efficacy and clinical outcomes of drug resistance biomarkers
and breast cancer. Bibliometric analysis indicates that research in this
field remains highly specialized, with over 75% of authors
contributing only a single paper, while the 20 most productive authors
account for 63% of the analyzed publications. This finding highlights
the highly challenging and specialized nature of this research area,
requiring deep expertise and strong institutional support. The
complexity of understanding drug resistance mechanisms and
developing novel biomarkers presents significant challenges in terms
of human capital and research resources.
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Publications on drug resistance biomarkers in breast cancer are
primarily found in high-impact journals such as “Journal of Cancers,
International Journal of Molecular Sciences, Frontiers in Oncology,
Frontiers in Immunology, Breast Cancer Research, Chinese Journal of
Tissue Engineering Research, and International Immunopharmacology’.
These journals have maintained a five-year impact factor above 4 and
are classified as Q1 in relevant fields, including human study
chemotherapy. The prominence of these journals underscores the high
relevance of research in this area and the considerable challenge of
publishing high-quality studies in such a competitive domain [28].

Fig. 6 shows that keyword analysis and thematic mapping reveal four
main research clusters in the field of drug resistance biomarkers in
breast cancer. The first cluster is centered on fundamental research
related to the biology and epidemiology of breast cancer, frequently
incorporating keywords such as “breast cancer”, “drug resistance”,
“female”, “cancer survival”, and “hormonal therapy”. The second
cluster focuses on prognosis and therapy prediction, including terms
like “drug response”, “protein”, and “circulating tumor cell”. The third
cluster reflects an interdisciplinary approach, emphasizing the role of
the tumor microenvironment in drug resistance, with terms such as
“tumor microenvironment”, “chemotherapy”, “apoptosis”, and “DNA
damage”. The fourth cluster highlights emerging research themes that
have the potential to shape future trends, where keywords such as
“biomarker”, “human”, “human cell”, “unclassified drug”, “cell line”, and
“cell migration” are used.

In summary, the dominance of China and the U. S. in this research

Int ] App Pharm, Vol 17, Issue 4, 2025, 10-18

capacity. While their leadership drives scientific
advancements, potential biases related to economic disparity,
language accessibility, and institutional visibility must be
acknowledged. Future efforts should promote more inclusive and
equitable participation in global cancer research to ensure that
findings and innovations reflect a broader range of populations and
clinical realities.

funding

These findings align with the study by [13], which identified
biomarker research in breast cancer as one of the most significant
emerging fields. Their study emphasized the importance of drug
resistance mechanisms, molecular pathways, and immunological
factors in determining therapy effectiveness. The similarities
between these results and previous studies indicate that research
trends in drug resistance biomarkers are consistent and
reproducible across different countries and institutions.

Despite significant advancements in identifying drug resistance
biomarkers, several challenges remain [29]. One of the key
difficulties is the complexity of tumor heterogeneity, which affects
the validity of biomarkers as predictors of treatment response.
Additionally, methodological limitations in biomarker validation
persist, highlighting the need for integrating multi-omics data to
enhance prediction accuracy. Future studies should prioritize the
integration of advanced technologies, including Artificial Intelligence
(AI), single-cell sequencing, and liquid biopsy methods, to enhance
the accuracy and clinical relevance of drug resistance biomarkers in

domain is rooted in their extensive biomedical infrastructure and breast cancer.
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Fig. 6: The co-occurrence network of significant descriptors forms two main clusters (red and yellow) based on frequent descriptors (a). A Word
Cloud (b) visualizes keyword frequency, with word size reflecting occurrence in studies on drug resistance biomarkers in breast cancer
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Overall, this bibliometric analysis provides a comprehensive
overview of the research landscape on drug resistance biomarkers
in breast cancer. By identifying leading authors, high-impact
journals, and key research trends, this study highlights the trajectory
of scientific advancements in this field [30]. Given the growing
complexity of breast cancer treatment challenges, continued
research into biomarkers and drug resistance mechanisms is
essential for developing more personalized therapeutic strategies
and improving patient outcomes.
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Recommendation for biomolecules with potential use as
biomarkers for drug resistance in breast cancer

Breast cancer remains a major health concern globally, necessitating
the development of effective biomarkers for diagnosis and treatment
resistance. Several biomolecules have been identified as promising
candidates for breast cancer management. Our review highlights
several biomolecules that demonstrate high potential as predictive
indicators and therapeutic targets for drug resistance in breast
cancer, as shown in table 3.

Table 3: Biomolecules with potential use as predictive drug resistance biomarkers in breast cancer proposed in this study

Biomolecule category Drug response Breast cancer model Pathway Effect Ref
Circular RNA (circUBAP2) Cisplatin resistance HCC1937, BT-549, MDA-MB- I{miR-300 - TASF1B —» Silencing T sensitivity [9]
436 (TNBC cells). TPI3K/AKT/mTOR
Circular RNA Adriamycin resistance Adriamycin-resistant BC cells ~ {miR-7-5p — TRafl Targeting T response [31]
(hsa_circ_0006528)
Circular RNA (circKDM4C)  Adriamycin resistance Adriamycin-resistant BC cells ~ {miR-548p — TPBLD Downregulation | resistance [31]
Circular RNA (circMTO1) Monastrol resistance Monastrol-resistant BC cells TTRAF4 — TEg5 Overexpression | resistance [31]
MicroRNA (miR-300) Cisplatin resistance TNBC cells lASF1B Downregulation T resistance [9]
MicroRNA (miR-17, miR- Taxol resistance Taxol-resistant BC cells INCOA3 Targeting T sensitivity [32]
20b)
MicroRNA (miR-18a) Paclitaxel resistance TNBC patients IDicer enzyme Overexpression T resistance [32]
Protein (ASF1B) Cisplatin resistance TNBC cells TPI3K/AKT/mTOR Silencing T sensitivity [9]
Protein (NCOA3) Taxol resistance Taxol-resistant BC cells TDrug resistance Downregulation T response [32]
Exosome (Del-1 protein) Biomarker for early Circulating exosomes in BC Facilitates tumor Breast cancer early marker [32]

detection patients

communication.

Abbreviations: TNBC: Triple-negative breast cancer, BC: Breast cancer, circRNA: Circular RNA, miRNA: MicroRNA, PI3K: Phosphoinositide 3-kinase,
AKT: Protein kinase B, mTOR: Mechanistic target of rapamycin, ASF1 B: Anti-silencing function 1B, PBLD: Phenazine biosynthesis-like domain-
containing protein, TRAF4: TNF receptor-associated factor 4, Eg5: Kinesin spindle protein, NCOA3: Nuclear receptor coactivator 3, circUBAP2:
Circular ubiquitin-associated protein 2. Arrow notation explanation T: Increased expression or activation, {: Decreased expression or inhibition, —:

leads to/causes/activates.

Circular RNAs (circRNAs) have emerged as critical regulators of
drug resistance by acting as competing endogenous RNAs (ceRNAs)
that modulate microRNA (miRNA) activity. For example, circular
RNA ubiquitin-associated protein 2 (circUBAP2) has been identified
as a key player in cisplatin resistance in Triple-Negative Breast
Cancer (TNBC). It functions by sponging miR-300, leading to the
upregulation of Anti-Silencing Function 1B (ASF1B) histone
chaperone, which subsequently activates the PI3K/AKT/mTOR
signaling pathway, promoting cell survival and chemoresistance [9].
Similarly, hsa_circ_0006528 and circKDM4C have been associated
with adriamycin resistance by regulating the miR-7-5p/Rafl axis
and miR-548p/PBLD axis, respectively, with downregulation of
these circRNAs improving chemotherapy efficacy [31].

MiRNAs also play a significant role in drug resistance mechanisms. miR-
300 has been identified as a tumor suppressor in cisplatin-resistant
TNBC, where its downregulation enhances ASF1B expression,
contributing to chemoresistance [9]. Additionally, miR-17 and miR-20b
have been linked to Taxol resistance by regulating Nuclear Receptor
Coactivator 3 (NCOA3) expression, and targeting these miRNAs has
shown potential in reversing Taxol resistance, and miR-18a has also
been implicated in paclitaxel resistance, where its overexpression
inhibits dicer expression and promotes drug resistance [32].

Proteins such as ASF1B and NCOA3 are key regulators of
chemoresistance. ASF1B plays a pivotal role in cisplatin resistance in
TNBC by activating the PI3K/AKT/mTOR pathway, and its
knockdown has been shown to restore cisplatin sensitivity [9].
Similarly, NCOA3 is involved in taxol resistance by modulating key
signaling pathways that promote cell survival and drug resistance
[32]. Exosomes serve as carriers of drug resistance-associated
biomolecules, facilitating intercellular communication in the tumor
microenvironment. Del-1 protein, found in circulating exosomes of
breast cancer patients, has been identified as a potential early
detection biomarker, with high levels associated with increased
tumor progression and chemoresistance [32].

Kinase inhibitors targeting Anaplastic Lymphoma Kinase (ALK),
phosphoinositide 3-kinase (PI3K), and Human Epidermal Growth

Factor Receptor 2 (HER2) have been widely studied in overcoming
resistance to targeted therapies in breast cancer. However,
resistance mechanisms such as secondary mutations and pathway
compensations continue to pose challenges. Combination strategies
involving kinase inhibitors and other targeted agents may enhance
therapeutic efficacy and mitigate drug resistance [33, 34].

Based on table 3 presents the biomolecules associated with drug
resistance in breast cancer, their corresponding resistance models,
and the mechanisms by which they contribute to therapy resistance.
Overall, the identification and application of biomolecules, including
proteins, circRNAs, and miRNAs, represent a crucial advancement in
breast cancer diagnostics and therapeutics. Continued research and
clinical validation are essential to translating these molecular
markers into effective tools for early detection and treatment
resistance management.

Challenges and limitations

This study acknowledges limitations inherent to bibliometric analysis.
Exclusive reliance on the Scopus database may result in selection bias
due to the underrepresentation of non-English and regional publications.
Citation inflation is another concern, particularly in review articles and
high-impact journals, which may distort the visibility and influence of
original research. To address these issues, future studies should
incorporate multiple databases, apply normalized citation metrics, and
utilize open-source tools. Standardized protocols for data cleaning and
keyword selection are also recommended to enhance methodological
rigor and reproducibility.

Future directions

Al and Machine Learning (ML) significantly enhance bibliometric
research by automating data analysis, revealing patterns, and
predicting future trends. Tools such as Natural Language Processing
(NLP) and clustering algorithms help classify and interpret large
datasets, while ML models support forecasting and evaluating
impact beyond citation metrics. These technologies also assist in
identifying new biomarker targets and research priorities. Future
biomarker research will benefit from multi-omics integration, high-
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throughput screening, and advanced bioinformatics, allowing for
more accurate detection of resistance mechanisms and guiding
personalized therapies. International collaboration is equally vital,
as it promotes knowledge sharing, resource accessibility, and
inclusive research. Such efforts accelerate the validation and clinical
application of biomarker discoveries across diverse populations and
health systems.

CONCLUSION

This bibliometric study analyzed 252 publications from 2020 to
2025 focused on drug resistance biomarkers in breast cancer. China
led with 74 publications (29.4%), followed by the United States with
59 publications (23.4%), underscoring their dominant roles in global
output. Research peaked in 2022 and has since diversified. Major
research themes included microRNAs, circular RNAs, and protein-
based resistance mechanisms. These findings support further
strategic collaboration, prioritization of emerging molecular targets,
and development of precision therapy. Researchers, clinicians, and
policymakers can use these insights to guide future research,
funding allocation, and clinical trial design.
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