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Abstract
BACKGROUND 
Lung cancer bone metastasis (LCBM) is a disease with a poor prognosis, high risk 
and large patient population. Although considerable scientific output has accu-
mulated on LCBM, problems have emerged, such as confusing research stru-
ctures.

AIM 
To organize the research frontiers and body of knowledge of the studies on LCBM 
from the last 22 years according to their basic research and translation, clinical 
treatment, and clinical diagnosis to provide a reference for the development of 
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new LCBM clinical and basic research.

METHODS 
We used tools, including R, VOSviewer and CiteSpace software, to measure and visualize the keywords and other 
metrics of 1903 articles from the Web of Science Core Collection. We also performed enrichment and protein-
protein interaction analyses of gene expression datasets from LCBM cases worldwide.

RESULTS 
Research on LCBM has received extensive attention from scholars worldwide over the last 20 years. Targeted 
therapies and immunotherapies have evolved into the mainstream basic and clinical research directions. The basic 
aspects of drug resistance mechanisms and parathyroid hormone-related protein may provide new ideas for 
mechanistic study and improvements in LCBM prognosis. The produced molecular map showed that ribosomes 
and focal adhesion are possible pathways that promote LCBM occurrence.

CONCLUSION 
Novel therapies for LCBM face animal testing and drug resistance issues. Future focus should centre on advancing 
clinical therapies and researching drug resistance mechanisms and ribosome-related pathways.

Key Words: Lung cancer; Bone metastasis; Bibliometrics; Targeted therapy; Immunotherapy; Enrichment analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A comprehensive analysis of 1903 publications from 2000 to 2022 was conducted to identify trends in lung cancer 
bone metastasis (LCBM) research. The literature on LCBM was systematically organized and analysed according to the 
changing trends in the knowledge volume, distribution of countries/regions, evolution of research topics and co-occurrence 
of keywords. The results show that immunotherapy and targeted therapy are new research hotspots and ribosome-related 
genes play an important role in LCBM. This study also preliminarily explored the potential molecular biological 
mechanisms of LCBM, which mainly involved ribosome and focal adhesion pathways.

Citation: Chen Y, Chen XS, He RQ, Huang ZG, Lu HP, Huang H, Yang DP, Tang ZQ, Yang X, Zhang HJ, Qv N, Kong JL, Chen G. 
What enlightenment has the development of lung cancer bone metastasis brought in the last 22 years. World J Clin Oncol 2024; 15(6): 
765-782
URL: https://www.wjgnet.com/2218-4333/full/v15/i6/765.htm
DOI: https://dx.doi.org/10.5306/wjco.v15.i6.765

INTRODUCTION
Currently, lung cancer (LC) bone metastasis (LCBM) is an incurable disease[1]. Patients with LCBM often experience bone 
and joint pain, pathological fractures and neuropathic pain, which all seriously affect their prognoses and quality of life[2,
3]. For many years, LC has had high incidence and mortality rates and the difficulties in early diagnosis mean that many 
patients have advanced LC at the time of diagnosis[4,5]. The size of the patient population with LCBM is not optimistic as 
more than 30% of the patients with advanced LC may develop BM[6]. Considering these facts, LCBM can be understood 
as a life-threatening disease in terms of both the clinical data and symptoms, and it thus requires further study.

Over the past 20 years, a wide range of researchers have gradually started to concentrate on the study of LCBM, and a 
considerable amount of scientific output has accumulated. However, problems, such as confusing research structures, 
have arisen. Moreover, no comprehensive or objective metrological studies have been reported on topics such as the 
tracking or evaluation of the research dynamics of LCBM research. Therefore, while dealing with rapid changes in the 
study of LCBM, researchers not only face difficulty in quickly grasping these developments, they must also waste 
additional effort as a result[7,8]. For example, they must also waste additional effort sifting through studies to find 
relevant data. Bibliometrics, which have the advantage of objectively analysing a large amount of literature on multiple 
levels, can help solve these problems and have been used extensively in the field of medical research[9].

Therefore, we performed a bibliometric analysis of metrics such as the keywords in articles on LCBM from the Web of 
Science Core Collection (WOSCC). In addition, we conducted a preliminary investigation of the potential molecular 
biological mechanisms in LCBM. We hope that this study will help researchers interested in LCBM quickly and 
accurately grasp the research dynamics involved and provide insights into the global developments in LCBM research.

https://www.wjgnet.com/2218-4333/full/v15/i6/765.htm
https://dx.doi.org/10.5306/wjco.v15.i6.765
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MATERIALS AND METHODS
Collection of data from articles on LCBM
The data from the articles on LCBM were obtained from the WOSCC (https://www.webofscience.com/). The search 
formula used in this study was as follows: TS = ((“osteolytic metastas*”) OR (“metastatic tumor of bone*”) OR (“bone 
metastas*”) OR (“osteolytic metastas*”) OR (“osteoblastic metastas*”) OR (“skeletal metastas*”) OR (“bone marrow 
metastas*”) OR (“metastatic carcinoma of bone marrow”) OR (“metastatic bone disease”)) AND ((“lung cancer”) OR 
(“cancer of the lung”) OR(“cancer of the lung*”) OR (“lung *carcinoma”) OR (“*carcinoma of the lung*”)).

The inclusion and exclusion criteria for the LCBM articles in this study were as follows: (1) To avoid the effects of too 
many changes in the data due to updates or limitations of the WOSCC, only articles published between 2000 and 2022 
were included; (2) To ensure the rigor of the analysis results, only three types of articles were included: Articles, review 
articles and early-access articles; and (3) Owing to the limitations of the software, only articles written in English were 
included. In the end, we included 1903 articles (Figure 1).

Figure 1  Flowchart of data collection from articles on lung cancer bone metastasis.

All the data for this study were downloaded from the WOSCC in the BibTeX format on January 9, 2023, and the 
records were “Full Record and Cited Reference”. The data collection was performed by two authors. Disagreements 
between the two authors during this process were discussed in depth and eventually resolved by both authors along with 
the other authors.

Bibliometric analysis of the data from the articles on LCBM
We used the powerful features of R software (4.2.2), such as advanced statistical calculations, visualization and complete 
bibliometric analysis, to produce topic evolution maps, keyword time heat maps and other materials. In this study, we 
also took advantage of VOSviewer software (1.6.18), which can handle large amounts of data and provide strong 
graphical presentation capabilities for producing keyword clustering maps and other visualisation tools. In addition, we 
used CiteSpace software (6.1.R6 basic), which can detect hotspot sensitively, and produced keyword burst detection 
maps.

Exploration of the molecular mechanisms of LCBM
We screened the GSE175601 dataset in the Gene Expression Omnibus, The Cancer Genome Atlas, Sequence Read Archive 
and ArrayExpress databases based on the criterion that the data should be from Homo sapiens tissues with both LC and 
LCBM tissue data and downloaded the dataset. We then used R software to extract the expression matrix from the dataset 
and screen the differentially expressed genes (DEGs) of LCBM. The criteria for screening the DEGs were |log fold 
change| > 1 and P values < 0.05. We then performed Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes 
and Reactome enrichment analyses of the screened DEGs as a preliminary analysis of the potential molecular biological 
mechanisms of LCBM. In addition, we used STING (v11.5) and Cytoscape (v3.9.1) to construct protein-protein interaction 

https://www.webofscience.com/
https://www.webofscience.com/
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(PPI) network maps to further analyse the mechanisms involved in LCBM.

RESULTS
Changes in the volume and distribution of knowledge of LCBM
Figure 2A reflects the overall trend of the year-on-year increase in the number of publications and citations since 2000, 
when 31 papers were published with 10 citations. The volume of knowledge skyrocketed during the last 3 years, with the 
number of publications exceeding a quarter of the volume of the articles included in this study. The number of citations 
was no fewer than 10 across 77 articles. Among all of the countries where these articles were published, China had the 
highest number of publications (602), accounting for approximately one-third of the articles included in this study 
(Table 1). In addition, other countries that were major contributors to LCBM research include the United States, Japan, 
and Italy. As shown in Figure 2B and C, developing countries, such as China, Iran, and India, have seen a surge in their 
number of LCBM-related publications in recent years.

Table 1 Number of articles on lung cancer bone metastasis that were published in countries/regions

Country/region Number of publications

China 602

United States 446

Japan 238

Italy 123

Canada 122

Germany 121

United Kingdom 109

Republic of Korea 70

France 68

Spain 60

Netherlands 53

Turkey 46

Australia 42

Switzerland 41

Belgium 33

Austria 32

Greece 31

Brazil 25

Denmark 21

Hungary 16

Thematic changes in LCBM research
Thematic strategic coordinate map for LCBM: We analysed the keywords plus (ID) and authors’ keywords (DE) in the 
LCBM articles (Supplementary Tables 1 and 2, Supplementary Figure 1) and depicted the LCBM hotspot changes using a 
theme strategy coordinate map (Figure 3). Among the themes identified, zoledronic acid, quality of life and skeletal-
related events are the mature and important topics. Palliative, palliative radiotherapy and stereotactic body radiotherapy 
are mature but currently unimportant topics. Immunotherapy, meta-analysis and epidermal growth factor receptor 
(EGFR) are immature but important topics, and chemotherapy and docetaxel are marginal topics.

Evolution of the subject terms related to LCBM: We further analysed the changes in the hot topics to capture the 
knowledge changes in the research on LCBM (Figures 4 and 5). Among the hot topics, immunotherapy, osimertinib, 
afatinib, EGFR, palliative radiotherapy and SEER have become new focuses of attention, while brain metastasis, lung 
adenocarcinoma, non-small cell LC and other similar topics have long been the focus of LCBM research.

https://f6publishing.blob.core.windows.net/b1837aca-9fb7-43fe-b9e9-6424d618871e/92713-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b1837aca-9fb7-43fe-b9e9-6424d618871e/92713-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b1837aca-9fb7-43fe-b9e9-6424d618871e/92713-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b1837aca-9fb7-43fe-b9e9-6424d618871e/92713-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b1837aca-9fb7-43fe-b9e9-6424d618871e/92713-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b1837aca-9fb7-43fe-b9e9-6424d618871e/92713-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b1837aca-9fb7-43fe-b9e9-6424d618871e/92713-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b1837aca-9fb7-43fe-b9e9-6424d618871e/92713-supplementary-material.pdf
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Figure 2 Annual change and distribution map of lung cancer bone metastasis knowledge volume. A: Annual publications and citations of articles 
on lung cancer bone metastasis (LCBM) from 2000 to 2022, the red line corresponds to “publications”; the green line corresponds to “citations”; B: Thermal diagram 
of the time distribution of national/regional articles, the values represent the ratio of the total number of papers published in a country from 2000 to a certain year to 
the total number of papers published in a country; C: Analysis chart of articles on LCBM at the country/region level.

Keyword co-occurrence analysis of articles on LCBM: The construction of an LCBM keyword co-occurrence network is 
beneficial for an in-depth reproduction of the composition of LCBM knowledge. We extracted 139 high-frequency 
keywords with over 20 occurrences from 1903 articles for the co-occurrence network construction. The network can be 
divided into five categories (Figure 6): Cluster 1, basic research (red), including resorption, hormone-related protein, 
microenvironment and osteoclastogenesis; cluster 2, clinical treatment and related experiments (green), including 
gefitinib, immunotherapy and chemotherapy, where keywords on immunotherapy and targeted therapy are emerging; 
cluster 3, clinical diagnostic-related studies (blue), including diagnosis, positron emission tomography (PET) and 
fluorine-18-fluorodeoxyglucose PET/computed tomography (PET/CT); cluster 4, adjuvant therapy (yellow), including 
skeletal-related events, zoledronic acid and denosumab; and cluster 5, palliative care (purple), including painful BM and 
palliative radiotherapy. In addition, we found that some mechanisms, such as EGFR mutation, microRNA and tyrosine 
kinase inhibitors, were explored and distributed across the clusters.

Exploration of the molecular biological mechanisms of LCBM
We screened 1238 DEGs from the dataset, including 606 upregulated genes and 632 downregulated genes. GO and 
Reactome functional annotations revealed that the functions of the DEGs in LCBM are mainly focused on the ribosome, 
the cytosolic ribosome, the formation of the pool of free 40S subunits related to ribosome-related pathways and focal 
adhesion related to cell adhesion migration (Figure 7). A PPI analysis of the ribosome-related DEGs in LCBM revealed 
that this pathway is mainly an interaction between the 60S ribosomal protein large subunit (RPL) and 40S ribosomal 
protein small subunit (RPS) families.

DISCUSSION
BM from primary tumours often suggest a poor prognosis[3,10]. Researchers have long been devoted to studying the 
basis and mechanisms of LCBM. With the development of high-throughput sequencing, this body of knowledge has 
exploded. This study is the first to organize and quantify the current large and confusing knowledge structure to provide 
suggestions for further LCBM research.

Changes in LCBM knowledge volume and country/region distribution
More systematic and precise treatments with immunotherapy and targeted therapy have helped to improve significantly 
the prognosis in LC, but BM remains a critical problem in these patients[11]. The worldwide LC patient population is 
very large[12]. In addition, approximately 350000 deaths are caused by BM in the United States each year[13]. This has 
objectively driven scholars to explore and develop the study of LCBM. The major contributors to LCBM research are 
primarily in developed countries, reflecting the level of social development needed to promote science and technology. 
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Figure 3 Theme strategic coordinate map. A: Keywords plus; B: Authors’ keywords.
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Figure 4 Time distribution chart of popular keywords. A: Burst detection graph of all keywords in articles on lung cancer bone metastasis (LCBM); B: Topic 
trend graph drawn based on keywords plus of the articles on LCBM; C: Topic trend graph drawn based on the authors’ keywords in the articles on LCBM.

However, some developing countries have emerged in recent years as forces that play an important role in this research. 
This is helpful for alleviating the dilemma facing developing countries of backward medical technology amid high 
morbidity and mortality rates for LCBM[12]. Furthermore, developed countries should strengthen their future coo-
peration efforts with developing countries to help resolve this dilemma (Supplementary Figure 2).

Changes in LCBM research hotspots
At the same time, the development of the knowledge on LCBM has been iterated owing to the continuous exploration 
and attention of researchers worldwide. Zoledronic acid, quality of life and skeletal-related events constitute the motor 
themes, suggesting that although neither denosumab nor zoledronic acid can change the outcomes and side effects of 
patients with LCBM, they can effectively reduce the skeletal-related events associated with a poor prognosis[14,15]. 
Palliative, palliative radiotherapy and chemotherapy constitute a falling theme that may be related to their relatively 
limited scope of action, high toxicity, myelosuppression and low efficacy[16,17]. On the other hand, the emergence of 
targeted therapies is related to the large amount of basic research on EGFR. A previous study claimed that EGFR is 
mutated in approximately 70% of patients with LCBM[18]. Specifically, in LCBM cells, epidermal growth factor or Wnt 
signalling pathways stimulate high ROR1 expression levels to interact with EGFR, which in turn promotes cancer cell 
proliferation, survival and invasion[19]. In addition, acquired resistance generated by first- and second-generation EGFR-
tyrosine kinase inhibitors is closely associated with the behaviour of genes, such as the T790M mutation, MET 
amplification, AXL activation, IGF1R blockade, HER2 amplification, PTEN deletion and PIK3CA mutation[20]. These 
results invariably drive the creation of more effective EGFR-targeted therapies. The clinical application of immuno-
therapy is dependent on the maturation of research on immune mechanisms and the promotion of immune checkpoint 
inhibitors[21]. These are also examples of the basic research that drives clinical progress. Therefore, it is necessary to 
strengthen the basic research in the future to improve and clarify the relevant molecular mechanisms in LCBM. In recent 
years, the maturation of computer and other technologies, such as high-throughput sequencing, has enabled bioin-
formatics to become widely used in the study of LCBM. For example, in vitro models of LC cell-derived exocysts have 
been constructed to predict their BM capacity using methods such as meta-analysis[22]. Using meta-analyses, Sharma et al
[23] and Chen et al[24] evaluated the efficacy of brachytherapy as compared with denosumab and zoledronic acid 
therapies in patients with LCBM. In an analysis of data from 8067 patients with advanced NSCLC, the use of pro-
grammed cell death protein 1 inhibitors in patients with BM was found to have no significant altering effect on 
progression-free survival[25]. In addition, the log-rank test, multiple Cox regression analysis and Kaplan-Meier method 
are other common research tools[26]. These studies are important for research on the construction of prognostic models, 
assessment of clinical outcomes and development of molecular diagnoses and treatments. This suggests that bioin-
formatic analysis may presently be an effective method for studying LCBM; however, most studies still lack further 
experimental validation.

In addition, as long-standing topics of interest in the field of LCBM, lung adenocarcinoma, non-small cell LC and so on 
reflect the large patient base of non-small cell LC, which is the most common type of LC[12,27]. However, brain and other 
metastases have also emerged as themes as they share some common problems. For example, both BM and brain 
metastasis in LC are closely related to the interaction of various components of the LC microenvironment, such as the 
epithelial-mesenchymal transition[28,29].

http://
http://
http://
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Figure 5 Keyword time heat map. A and B: Keywords plus; C and D: Authors’ keywords. The A and C values represent the ratio of the frequency of a keyword 
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in each year to its highest frequency in a year. The B and D values represent the ratio of the total frequency of the keyword from 2000 to a certain year to its total 
frequency.

Main research directions in LCBM research
The volume of knowledge in LCBM research has been enriched gradually, mainly in the following areas. In terms of 
mechanism exploration, researchers have started to explore and identify key LCBM molecules through technological 
advancements, such as high-throughput sequencing. For example, Miki et al[30] and Liu et al[31] found that high 
expression levels of zinc finger E-box binding homology box 1 in LC cells leads to increased expression levels of 
parathyroid hormone-related protein, which prompts LC cells to undergo a continuous process of retention in the 
capillary bed, angiogenesis and proliferation, and causes the emergence of the site of metastasis, then metastasis to bone 
and an increase the number of BMs in the body. BM incidence is also increasing. In addition, primary tumours secrete 
several different factors and extracellular vesicles (EVs) into the circulation to reach bone, altering the bone microenvir-
onment through mechanisms such as the action of calmodulin 11 in EVs with osteoblasts, eventually forming a pre-
metastatic ecological niche in bone and preparing the tumour for BM[32,33]. When LC cells reach bone, since LC cells 
cannot directly damage the bone and colonize it, they must disrupt the RANKL/RANK/OPG pathway that forms a 
dynamic balance between osteogenesis and bone resorption, which is regulated by osteoblasts and osteoclasts. In this 
case, the action of the osteoclasts prevails and triggers the corresponding bone destruction and resorption, allowing LC 
cells to colonize and further invade and grow[34,35]. In addition, the mechanism of LCBM is similar to that of breast 
cancer BM[1]; thus, it is not surprising that the term “breast cancer” appears in our findings (Figure 6).

In terms of clinical treatments, the clinical exploration of targeted therapies and immunotherapies is in full swing. 
Numerous clinical studies have shown that both targeted therapy and immunotherapy can significantly extend survival 
and improve the prognosis of LCBM patients[36,37]. Among these, nivolumabtherapy may be effective in preventing 
bone destruction and relieving bone pain and other symptoms with long-term efficacy[38]. This is important for imp-
roving the quality of life for LCBM patients. Nevertheless, targeted therapies and immunotherapies for LCBM still face 
challenges, such as still being in the animal testing stage or drug resistance, and there is still a long way to go before they 
can be used as effective LCBM treatments[38-40].

Although palliative treatments have not been shown to make a significant positive impact on the survival of patients 
with BM, they can be highly effective for improving patient quality of life by providing rapid symptom relief[41,42]. 
Therefore, considering the unsatisfactory results of emerging therapies and the current absence of viable cures, palliative 
care is considered the best option for patients with BM to maintain a relatively high quality of life at the end of life[43].

Moreover, although adjuvant treatments, such as denosumab and zoledronic acid, can induce serious side effects, 
including hypocalcaemia, femoral fractures and osteonecrosis of the jaw, a large body of data suggests that they can play 
a significant role in prolonging the overall survival of LCBM patients and reducing the occurrence of a range of skeletal 
complications[14,15,44]. Therefore, it is not surprising that these treatments are major hot topics in LCBM research.

For clinical diagnosis, the commonly used PET/CT is useful for providing an accurate assessment of the risk LC 
patients have for developing BM and has great potential for therapeutic guidance[45,46]. This suggests that PET/CT may 
continue as a hot topic in the future. In addition, the scattering of certain mechanisms in the distribution of the abovemen-
tioned topics and the extensive connections with many application-related topics may reflect the fact that the relevant 
basic results are already driving the development of clinical applications.

Preliminary exploration of the molecular mechanisms of LCBM
The updated global molecular map of LCBM that we constructed suggests that the factors affecting the development of 
BM in LC patients may be closely related to abnormalities in the ribosomal pathway. This is largely consistent with 
existing reports. It has been reported that RPLP2, which encodes the eukaryotic 60S large ribosomal subunit P2, is 
significantly upregulated in patients with LCBM and is an important marker of a poor prognosis in these patients[47]. 
RPLP2 is also associated with DNA repair, cell division, apoptosis and the progression of multiple types of tumorigenesis
[47]. Not coincidentally, Ebright et al[48] found that mice with breast cancer and high RPL15 expression levels have a 
greater likelihood of breast cancer cell metastasis to multiple organs. In LCBM tissue, the upregulation of COL6A1, which 
is closely related to the ribosome-related pathways, can enhance the proliferation and invasion of tumour cells and their 
adhesion to osteoblasts[49]. The upregulation of SMYD2, a transcriptional regulator, can activate the transcription of 
ribosomal small subunit protein 7 by binding to its promoter, thereby promoting the proliferation, migration, invasion 
and distant metastasis of LC cells[50]. Small nucleolar RNA can enhance downstream SCD1 translation and regulate lipid 
peroxidation and mechanistic target of rapamycin by promoting the 2’-O-methylation modification of the C3680 site on 
28S rRNA to inhibit autophagy of LC cells and thereby promote LC cell growth and metastasis[51]. Ribosomal S6 kinase 2 
can jointly promote CaMKIV signal transduction and enhance CREB activity through interaction with GDH1, thereby 
promoting LC cell metastasis[52]. More importantly, there are also in vivo experiments showing that the use of biominer-
alized metal-organic framework nanoparticles with protein toxins and nuclear factor-κB ligand receptor activator an-
tibodies can reduce the occurrence of BM through the irreversible inactivation of ribosomes, a decrease in the number of 
LC cells and an interference with the interaction between LC cells and bone cells[53]. These indicate that ribosomes are 
very likely to be an important link in the occurrence of BM by LC cells and the interaction between LC cells and bone cells 
to cause skeletal-related events. This also reveals the clinical potential of this dual-protein therapy in the treatment of LC 
and LCBM. Furthermore, Bowley et al[54] found that high expression levels of RPL and RPS lead to aberrant ribosome 
synthesis that can promote the onset and progression of melanoma brain metastasis. A 20-year empirical report indicated 
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Figure 6 Analysis of the co-occurrence of all keywords. A: Network visualization map; B: Overlay visualization map. The small circle represents the 
keyword. The area of the small circle represents the frequency of the keyword. The colors of the different areas represent their categories. The lines of the connecting 
circles represent keywords that appear in an article at the same time.
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Figure 7 Molecular map of lung cancer bone metastasis. A: Bubble map of differentially expressed genes (DEGs) based on the Gene Ontology 
enrichment analysis; B: Bubble map of DEGs based on the Reactome enrichment analysis; C: Protein-protein interaction network diagram related to the ribosome 
pathway. GO: Gene Ontology.
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that Diamond-Blackfan anaemia patients, which is caused by RPL or RPS mutations, has a high susceptibility to mali-
gnancy[55]. This is similar to the interaction between the RPS and RPL families in the results of the PPI analysis of the 
ribosome-related pathways. However, no direct evidence has confirmed that the ribosomal pathway in LC cells can also 
trigger BM through a similar action. In addition, focal adhesion-related pathways may also be closely associated with the 
BM of LC cells. One study that used microarray fractionation identified long-stranded noncoding RNAs that may 
mediate the development of spinal metastasisby affecting processes such as focal and cell adhesions in lung adenocar-
cinoma cells[56]. Another study claimed that the focal adhesion kinase/AKT/Rho-associated kinase pathway induces LC 
cell invasion and metastasis by interacting with bone bridge proteins, thus effectively inhibiting some protein activity
[57]. These findings are similar to those of our enrichment analysis and fully suggest that focal adhesion may play a BM-
promoting role in LC.

In addition, these pathways also play a role in other tumours or metastases. For example, the interaction between focal 
adhesion and extracellular matrix receptors can lead to changes in the actin cytoskeletal pathway and thereby promote 
the migration of LC cells to the brain[58]. MiR-215-5p downregulates the metastatic ability of colorectal cancer cells by 
regulating molecular biological processes, such as extracellular matrix-receptor interactions and focal adhesion[59]. The 
study revealed that miR-215-5p is likely to become a potential target for the treatment of the distant metastases of colo-
rectal cancer. FSTL1 interacts with VIM to activate the focal adhesion signalling pathway and cytoskeleton rearrangement 
to achieve colorectal cancer liver metastasis[60]. EIF4A2, which is required for the binding of mRNA to ribosomes, plays 
an important role in the lung metastasis of colorectal cancer cells in vivo[61]. The significant molecular biological charac-
teristics of LC brain metastasis include the significant enhancement of pathways related to ribosome activity and 
metabolic reprogramming[62]. In addition, there are studies claiming that ribosome biogenesis is a target with a strong 
clinical potential for treating many tumour metastases and alleviating drug resistance[63]. This also further illustrates the 
rationality of ribosome and focal adhesion-related pathways playing a role in LCBM. However, whether similar 
mechanisms are achieved in LCBM and what specific biological processes involve these mechanisms in the expression of 
molecules, transcriptional regulation, epigenetic modification and their clinical potential are still unknown. In the future, 
we plan to conduct more research that further explores and improves the data on the related biological mechanisms.

However, not all of the abovementioned molecular biological mechanisms appeared directly in the results of the biblio-
metric analysis of this study. This may be due to the fact that much of the literature was included in this study for the 
bibliometric analysis but only one dataset was used in constructing the LCBM-related molecular map. However, we 
believe that the direction of the basic research on LCBM is still weak. For example, the few existing studies mentioned 
earlier have shown that ribosomal and focal adhesion-related pathways may be the link that promotes BM by LC cells. 
This link is promising as a new target for the treatment of LCBM. However, as of now, no mature studies have explained 
the detailed processes of these pathways and developed clinical therapeutic diagnostics based on them. This is also 
illustrated by the fact that a dataset met our filtering requirements in multiple worldwide datasets. In addition, we invest-
igated GTP hydrolysis and the joining of the 60S ribosomal subunit, translation, viral mRNA translation and NMD-
related pathways in LCBM. However, no study has directly confirmed this. This requires further experimental validation. 
Thus, while clinical studies and new drugs have helped improve the survival prognosis for LC, there remains an urgent 
need for larger population data to enrich the molecular landscape of LCBM and more representative animal models to 
explain the biological behaviour of LCBM. This will lay the foundation for further advancements in the development of 
more effective diagnostic and therapeutic options for LCBM.

Limitations of the study and future research arrangements
This study has the following shortcomings: (1) It included only articles written in English that were of high quality and 
whose data could be comprehensively examined from the WOSCC. In the future, we should also include an analysis of 
articles on LCBM from other databases for supplementation and validation; (2) The study addressed only the current 
mainstream evolution of LCBM, hot directions, the current status of research on LCBM and future directions using 
limited analysis. We will further examine the valuable information behind these bibliometric indicators in the future; and 
(3) Although this study used various methods to analyse only the data sets that met the inclusion requirements for invest-
igating the possible biological behaviour of LCBM and obtained strong suggestive and pioneering information, it lacks 
the verification of in vivo and in vitro experiments. In the future, we should conduct in vivo and ex vivo experiments to 
confirm the molecular biological mechanisms in LCBM.

CONCLUSION
In summary, LCBM has received extensive attention in recent years owing to targeted therapies and immunotherapies on 
the clinical research side and drug resistance mechanisms on the basic research side. Although the current regimens can 
provide improvements in patient quality of life, they cannot change the outcomes in patients with LCBM. This is mainly 
related to the poor effects of novel therapies and weak basic research. Future scientific research on LCBM can increase 
efforts on targeted therapies, immunotherapies and basic research to provide new concepts for the study of LCBM 
mechanisms and improve its prognosis.
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