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ABSTRACT

Purpose: This study aimed to provide a bibliometric overview of research on lung cancer and secondary metabolites, with 
a focus on their potential relevance to supportive care and treatment-related outcomes.

Methods: Publications indexed in the Web of Science Core Collection between 2020 and 2025 were identified using 
the frequency of the keywords  “lung cancer AND secondary metabolite.” After applying exclusion criteria, 179 original 
research articles were analyzed. Bibliometric analyses, including collaboration networks, keyword co-occurrence, and 
citation patterns, were performed using VOSviewer.

Results: The number of publications showed a gradual increase, peaking in 2024. India was the most productive country, 
while the USA demonstrated the highest level of international collaboration. Frequently identified keywords included 
cytotoxicity, anticancer activity, and secondary metabolites. The findings indicate a strong research focus on the biological 
and therapeutic effects of secondary metabolites, particularly their antioxidant and cytotoxic properties.

Conclusions: The growing interest in secondary metabolites highlights their potential role in improving cancer 
management. Their biological properties may contribute to supportive care by reducing treatment-related toxicity and 
enhancing therapeutic outcomes. Further clinical and translational studies are needed to clarify their role in supportive 
oncology.

Keywords: Anticancer, Bibliometric analysis, Cell line, Lung cancer, Secondary metabolite

ÖZET

Amaç: Bu çalışma, akciğer kanseri ve ikincil metabolitler üzerine yapılan araştırmaların bibliyometrik bir genel 
görünümünü sağlamayı ve bunların destekleyici bakım ve tedaviyle ilgili sonuçlarla potansiyel ilişkisine odaklanmayı 
amaçlamıştır.

Yöntem: 2020 ile 2025 yılları arasında Web of Science Core Collection’da indekslenen yayınlar, “akciğer kanseri VE ikincil 
metabolit” ilgili anahtar kelimelerin sıklığı kullanılarak elde edildi. Hariç tutma kriterleri uygulandıktan sonra, 179 orijinal 
araştırma makalesi analiz edildi. İşbirliği ağları, anahtar kelime birlikteliği ve atıf kalıpları dahil olmak üzere bibliyometrik 
analizler VOSviewer kullanılarak gerçekleştirildi.

Bulgular: Yayın sayısı kademeli bir artış gösterdi ve 2024 yılında zirveye ulaştı. Hindistan en üretken ülke olurken, ABD 
en yüksek uluslararası işbirliği düzeyini gösterdi. Sıkça tanımlanan anahtar kelimeler arasında sitotoksisite, antikanser 
aktivite ve ikincil metabolitler yer aldı. Bulgular, özellikle antioksidan ve sitotoksik özellikleri olmak üzere, ikincil 
metabolitlerin biyolojik ve terapötik etkilerine yönelik güçlü bir araştırma odağını göstermektedir.

Sonuç: İkincil metabolitlere olan artan ilgi, kanser yönetimini iyileştirmedeki potansiyel rollerini vurgulamaktadır. 
Biyolojik özellikleri, tedaviyle ilişkili toksisiteyi azaltarak ve terapötik sonuçları iyileştirerek destekleyici bakıma katkıda 
bulunabilir. Destekleyici onkolojideki rollerini açıklığa kavuşturmak için daha fazla klinik ve translasyonel çalışmaya ihtiyaç 
vardır.

Anahtar Kelimeler: Antikanser, Bibliyometrik analiz, Akciğer kanseri, İkincil metabolit, Hücre hattı 
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C ancer is a condition caused by the uncontrolled 
and abnormal proliferation of normal tissue cells, 
leading to the adverse effects and deterioration 

of the physiological structure of other cells 1. Lung 
cancer is one of the leading causes of death among 
cancers. Chemotherapy and radiotherapy are frequently 
used in cancer treatments. However, these treatments 
often cause side effects such as gastrointestinal 
toxicity, cardiotoxicity, neurotoxicity, oral mucositis, 
and damage to the hematopoietic system. For this 
reason, different treatment options without side effects 
such as secondary metabolites are being researched 
2. Secondary metabolites are secondary compounds 
produced by plants that are directly linked to the 
plant’s taste, color, and smell. They play a direct role, 
especially in the plant’s defense response. Secondary 
metabolites include various groups such as flavonoids, 
alkaloids, anthocyanins, quinones, lignans, phenolics, 
amines, and terpenoidsThese metabolites exhibit a 
wide range of biological activities, such as antioxidant, 
anticancer, and antimicrobial properties, making them 
extremely important for human health and well-being 
3,4. For example, it has been demonstrated that green tea 
(Camellia sinensis), which is rich in flavonoid catechins, 
influences 5-hydroxytryptamine (5-HT; serotonin) levels 
in rats via its secondary metabolites, as evidenced 
by neurochemical and behavioural effects5. Similarly, 
cinnamon bark contains phenolic secondary metabolites 
with documented antioxidant properties. Thanks to these 
phenolic compounds, it has been demonstrated that an 
aqueous extract of cinnamon (Cinnamomi cassiae) bark 
has neurochemical and behavioural effects in obese rats6. 
Bibliometrics reflects its applicability in processing large 
amounts of scientific data and its significant contribution 
to research impact. Bibliometric tools such as VOSviewer 
are responsible for the popularity of numerous variables, 
including the development, accessibility, and usability of 
scientific databases such as Scopus and Web of Science. 
The interdisciplinary impact of bibliometric methodology, 
ranging from data science to operational research, has 
also played a important role in its widespread adoption 7.

Material and Method

2.1. Data Collection and Search Strategies

The Web of Science Core Collection (WOSCC) database 
was used for research articles related to the subject. All 
scans of the studies were performed on January 16, 2026. 
The keywords “Lung Cancer AND Secondary Metabolite” 
were used in database searches. All research articles 
published between 2020 and 2025 were included in the 
study. 

Exclusion criteria;

Review articles, research proposals, pre-published studies, 
and conference abstracts were excluded.

2.2. Data Analysis

The VosViewer 1.6.20 program was used for bibliometric 
analysis. The VosViewer program provided data mining 
functionality for creating and visualizing networks related 
to the literature obtained.

Results

On January 16, 2026, a search was conducted in the Web 
of Science Core Collection (WOSCC) database using the 
keywords “Lung Cancer” AND “Secondary Metabolite,” 
resulting in 227 articles published between 2020 and 
2025. As a result of the exclusion criteria, when all articles 
were reviewed, a total of 48 articles were excluded 
because they did not contain at least one of the keywords 
“Lung Cancer” and “Secondary Metabolite.” These articles 
included 45 articles, 2 book chapters, and 1 short 
communication. The remaining 179 research articles were 
analyzed. It was determined that there were 23 articles in 
2020, 31 in 2021, 29 in 2022, 31 in 2023, 38 in 2024, and 27 
in 2025. The data obtained is shown in Figure 1.
Figures 

 

Fig. 1: Identifying studies through WOSCC databases, showing included and excluded studies.  Figure 1. Identifying studies through WOSCC databases, showing 
included and excluded studies.
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3.1. Co-authorship of Authors Analysis

According to the authors’ co-authorship analysis, a 
network map was created by defining publication and 
citation criteria (1) to identify the authors with the 
most connections and collaborations. A total of 1024 
authors were identified, with 22 items (authors) in the 2 
clusters with the highest connectivity and a total of 131 
connections detected.

All authors in the article by Kausar, F. et al. were included 
in cluster 1, and all authors in the article by Khuda, F. et 
al. were included in cluster 2 within the network. Khuda, 
F. and Khalil, A. A. K. collaborate by connecting the two 
clusters, as they have conducted joint studies with some 
authors in both cluster 1 and cluster 2 8,9. For this reason, 
it is located at the center of two groups. However, the 
authors with the most citations (80) (Kamat, Siya., Taritra, 
Sidhartha., Jayabaskaran, C., Kumari, Madhuree.) did not 
appear among the most connected authors because they 
had few co-authors in their articles and did not collaborate 

with other authors. Similarly, the most prolific authors are 
not found among the connected authors 10,11.

The analysis identified 22 authors who collaborated 
most frequently on studies concerning lung cancer and 
secondary metabolites. These 22 authors were divided 
into two groups, with 10 authors in each group. Two 
authors served as common authors linking the two groups 
and were situated at the centre of the clusters.

3.2. Co-authorship of Countries Analysis

According to the countries’ co-authorship analyses, a 
network map was created by defining publication and 
citation criteria (1) to identify the authors with the most 
connections and collaborations. A total of 52 countries 
were identified as collaborating. Among them, 49 
countries in the 9 clusters with the highest connectivity 
were identified, with a total of 116 connections and a 
connectivity strength of 79.5 (Figure 2).

 

 

Fig. 2: (A) Network of cooperation between countries. The size of the circle in the visualization diagram 

VOSviewer visualization map of Cluster the number of papers published. (B) The graph displaying publications 

and citation from the top 20 countries. 

 

 

Figure 2. (A) Network of cooperation between countries. The size of the circle in the visualization diagram VOSviewer visualization map of 
Cluster the number of papers published. (B) The graph displaying publications and citation from the top 20 countries.

As shown in Figure 2, India produced 54 articles on lung 
cancer and secondary metabolites, with 8 links and a link 
strength density of 11.0. China followed with 4 links and 
a link strength of 3.0 in 31 articles, while Saudi Arabia 

followed with 20 links and a link strength of 22.0 in 23 
articles. The USA was at the center, linking to 17 countries 
in 11 articles across 7 clusters. 



Secondary Metabolite Research for Lung Cancer

Acıbadem Univ. Sağlık Bilim. Derg. 17 (July, August, September) 2026

3.3. Co-occurence of All Keywords Analysis

In searches related to target keywords, a total of 663 
words were identified, with cytotoxity (40), lung cancer 
(24), anticancer (21), apoptosis (20), and secondary 

metabolite (18) being repeated. Forty-one words that 
appeared at least three times and were related to each 
other were identified. Among these words, 7 clusters, 149 
connections, and 114.0 connection strength were formed 
(Figure 3).

 

Fig. 3: Analysis of occurence of co-occurrence of all keywords over the years. In the VOSviewer visualization 

map, the size of the circle indicates the frequency of keyword repetition, and the colors indicate the years they 

were published. 

Figure 3. Analysis of occurence of co-occurrence of all keywords over the years. In the VOSviewer visualization map, the size of the circle 
indicates the frequency of keyword repetition, and the colors indicate the years they were published.

As shown in Figure 3, Cytotoxicity has the highest number 
of connections with 26 links. This is followed by anticancer 
with 18 links and secondary metabolite with 17 links.

In terms of the distribution of word usage frequency over 
the years, cytotoxity, anticancer, secondary metabolite, 
lung cancer, antioxidant, and anticancer activity appear 
to be the most frequently used terms in 2023. In 2021, 
there are 3 connections and 4 repetitions related to lung 
adenocarcinoma.

3.4. Citation of Authors Analysis

The analyze authors’ citation networks, a network map 
was generated by selecting authors with a minimum 
of one document and one citation. The 13 elements, 

8 clusters, and 40 connections were identified among 
1,024 interconnected authors. The group of authors with 
the most citations (80 citations) did not include Kamat, 
Siya., Taritra, Sidhartha., Jayabaskaran, C., and Kumari, 
Madhuree 10,11.

Li, Xinpei et al. had 5 authors in the center in their article, 
while Yin, Tongxin et al. had 8 authors at the pole in their 
article. Li, Xinpei et al. have created a common network 
by referencing different articles by the authors in Yin, 
Tongxin’s article. Out of 179 articles, only one article 
cited the different works of authors from other articles 
12,13. Unlike author citation analysis, text citation analysis 
shows Table 1 the top 10 articles that have been cited in 
lung cancer and secondary metabolites studies. Most of 
the highly cited articles in the table are inquiry articles 
with high impact factors.
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Table 1. The top 10 articles cited in lung cancer and secondary metabolites studies.

Article title Authors Journal NC IF JCR Year References

Actinobacteria from antarctica as a source for anticancer discovery Silva, LJ., Crevelin, EJ., 
Souza, DT., et al.

Scientific 
Reports 56 3.9 Q1 2020 17

Endophytic fungi of marine alga from konkan coast, India-A rich 
source of bioactive material

Kamat, S., Kumari, M., 
Taritla, S., et al.

Frontiers in 
Marine Science 46 3 Q1 2020 10

Myricetin: versatile plant based flavonoid for cancer treatment by 
inducing cell cycle arrest and ROS-reliant mitochondria-facilitated 
apoptosis in A549 lung cancer cells and in slico prediction

Rajendran, P., 
Maheshwari, U., 

Muthukrishnan, A., 
et al.

Molecular 
and Cellular 

Biochemistry
45 3.7 Q2 2020 21

Chelerythrine chloride downregulates β-catenin and inhbits stem 
cell properties of non-small cell lung carcinoma Heng, WS., Cheah, SC. Molecules 40 4.6 Q2 2020 22

Chaetoglobosin G inhibits proliferation, autophagy and cell cycle of 
lung cancer cells through EGFR/MEK/ERK signaling pathway

Chen, JH., Guo QF., 
Zhang, JX., et al. Pharmazie 37 1 Q4 2020 23

Synthesis and characterization of silver nanoparticles from 
rhizophora apiculata and studies on their wound healing, 
antioxidant, anti-ınflammatory, and cytotoxic activity

Alsareii, SA., Alamri, 
AM., Alasmari, MY., et al. Molecules 37 4.6 Q2 2022 24

Wild and cultivated centaurea raphanina subsp. Mixta:A valuable 
source of bioactive compounds

Retropoulos, SA., 
Fernandes, A., Dias, MI., 

et al.
Antioxidants 37 6.6 Q1 2020 25

Optimization of physicochemical parameters for production of 
cytotoxic secondary metabolites and apoptosis induction activities 
in the culture extract of a marine algal-derived endophytic 
fungus aspergillus sp.

Taritla, S., Kumari, M., 
Kamat, S., et al.

Frontiers in 
Pharmacology 34 4.8 Q1 2021 11

Exploring the antimicrobial, antiviral, antioxidant, and antitumor 
potentials of marine Streptomyces tunisiensis W4MT573222 
pigment isolated from Abu-Qir sediments, Egypt

Ibrahim, WM., Olama, 
ZA., Abou-elela, GM., 

et al.

Microbial Cell 
Factories 34 4.9 Q1 2023 26

A Novel Benzofuran Derivative Moracin N Induces Autophagy and 
Apoptosis Through ROS Generation in Lung Cancer

Gao, CC., Sun, X., Wu, 
ZP., et al.

Frontiers in 
Pharmacology 32 4.8 Q1 2020 27

Rank, rank by NC; NC, number of citations; IF, 2025 impact factor; JCR, Q index

Table 2. The leading top 10 journals for lung cancer and secondary metabolites studies ranked by issuance and citations.

Journal NA NC CA IF JCR Publisher

Molecules 10 124 12,4 4.6 Q2 MDPI AG

Plants- basel 7 80 11,4 4.1 Q1 MDPI AG

Scientific reports 6 108 18 3.9 Q1 Springer Nature

Frontiers in microbiology 4 51 12,7 4.5 Q1 Frontiers

Marine drugs 4 38 9,5 5.4 Q1 MDPI AG

Frontiers in pharmacology 3 79 26,3 4.8 Q1 Frontiers

Heliyon 3 45 15 3.6 Q1 Elsevier

South african journal of botany 3 33 11 2.7 Q2 Elsevier

Pharmaceuticals 3 24 8 4.8 Q1 MDPI AG

Chemistry and biodiversity 3 7 2,3 2.5 Q3 Wiley

Rank, rank by NA; NA, number of articles; NC, number of citations; CA, Citations per article; IF, 2025 impact factor; JCR, Q index

The top 10 journals with the highest number of citations 
and articles on lung cancer and secondary metabolites 
are shown in Table 2.

3.5. Bibliographic coupling of Documents Analysis

The bibliographic matching analysis of the texts was 
 

conducted by selecting a minimum document citation 
count of (1). A total of 142 items, 13 clusters, and 651 
connections emerged from 156 documents. As a result of 
the analysis, Silva (2020) had the most citations with 56, 
followed by Kamat (2020) with 46 citations, Rajendran 
(2021) with 45 citations, and Heng (2020) with 40 citations 
(Figure 4). 
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chapters, and 1 short communication that did not include 
lung cancer and at least one secondary metabolite were 
excluded. Network maps were generated and analyses 
were performed on the remaining 179 research articles.

Due to the high number of articles co-authored by India 
on the topics of lung cancer and secondary metabolites, 
India has emerged as the country conducting the most 
research in this area. However, despite having fewer 
articles, the USA has more collaborations with different 
countries. The USA stands out in respect of research 
diversity and collaboration. India stand out in terms of 
the number of articles published. These countries have 
a lower mortality rate from lung cancer compared to 
others. The fact that these countries are researching and 
implementing different treatment methods for lung 
cancer is consistent with the literatüre 15,16.

Cytotoxicity, anticancer, and secondary metabolites are 
frequently used in articles on lung cancer and secondary 
metabolites. Secondary metabolites have been 
extensively studied for their anticancer potential. In terms 
of frequency of use over the years, lung adenocarcinoma 
was the most common in 2021, while lung cancer began 
to be preferred in 2023. It has been shown that bioactive 

As seen in Figure 4, The analysis revealed a connection 
strength of 33 between Thakkar (2023) and Thakkar 
(2022). This value was followed by a connection strength 
of 16 between Saadullah (2022) and Saadullah (2020), and 
a connection strength of 13 between Varli (2023) and Varli 
(2022). 

3.6. Co-citation of References Analysis

The analyze the common citation networks of references, 
a network map was generated by selecting references 
with a minimum citation count (3). A total of 92 items, 10 
clusters, and 425 connections emerged from 9,638 cited 
sources.

As a result of the analysis, Sung, H. et al. (2021) ranked 
first in terms of both citations and link strength, with 20 
citations and 58 link strength 14. 

Discussion 

This study attempted to perform quantitative analyses 
of studies on the use of secondary metabolites in lung 
cancer. A total of 227 articles were identified in the WOSCC 
database between 2020 and 2025. 45 articles, 2 book 

 
Fig. 4: Analysis occurence bibliographic coupling of documents. The area of circles indicated the total citations 

of each document.  Documents of the same colour represent groups working on similar topics and sharing 

common references. 

 

 

Figure 4. Analysis occurence bibliographic coupling of documents. The area of circles indicated the total citations of each document. Documents 
of the same colour represent groups working on similar topics and sharing common references.
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have demonstrated enhanced antioxidant and anti-
inflammatory effects; this may further support their 
applications in the management of cancer-related 
toxicity19. Similarly, chitosan-based nanocarriers have 
been investigated to enhance the anti-inflammatory 
profile of therapeutic agents; this principle can also be 
extended to formulations of secondary metabolites 20.
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