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Abstract

:

Simple Summary


In the treatment of colorectal cancer, classic chemotherapy drugs such as 5-fluorouracil, capecitabine, irinotecan, oxaliplatin, trifluridine, and tipiracil have played a crucial role. Through the analysis of the top 100 most influential articles, we examined the evolution in research and current relevance, confirming the continued significance of this group of drugs despite the emergence of new treatments. The research reveals global collaboration among institutions, countries (primarily the United States, China, and Europe), and researchers, with three main themes driving the study: pharmacogenetics, new pharmaceutical formulations, and the use of adjuvants.




Abstract


In the landscape of colorectal cancer treatment, classical chemotherapeutic agents such as 5-fluorouracil, capecitabine, irinotecan, oxaliplatin, trifluridine, and tipiracil have historically played a pivotal role. This study presents a comprehensive bibliometric analysis of the top 100 most influential articles focusing on these classic chemotherapy drugs in the management of colorectal cancer. With this, we shed light on their current importance, despite the emergence of new therapeutic targets and treatments in the field of oncology. Systematically evaluating research outputs, this analysis reveals a prevalence of co-authorship among institutions, countries (led by the United States, China, and Europe), and researchers highlighting the global and collaborative nature of efforts in research, utilization, and development of these drugs. Three thematic axes lead the research: pharmacogenetics, the development of new pharmaceutical forms, and the use of adjuvants. This research serves as a foundation for future endeavors, aiding researchers, clinicians, and policymakers in making informed decisions about the direction of research and development in the dynamic field of colorectal cancer therapy.
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1. Introduction


Colorectal cancer, comprising cancers of the colon and rectum, has demonstrated the highest incidence and mortality rates among all cancer types in the United States, as per the NIH data presented in its Cancer Facts and Figures 2020 document [1]. In 2020, 147,950 new cases were diagnosed, and 53,200 patients succumbed to the disease. Drug therapy represents one of the primary modalities available for the treatment of colorectal cancer. Traditional or standard chemotherapy [2] utilizing cytotoxic drugs (5-fluorouracil, capecitabine, irinotecan, oxaliplatin, trifluridine, and tipiracil) [3,4] to eliminate tumor cells continues to be an option despite the emergence of new pharmaceutical technologies. These drugs can be administered alone or in combination. The significant scientific interest in discovering new drugs against colorectal cancer or investigating existing drugs has resulted in a voluminous number of publications on these substances. Bibliometrics employs mathematical and statistical methods to quantitatively analyze scientific activity, making it possible to compare, measure, and objectify scientific activity. As a result, it provides valuable insights into the behavior of science and scientists [5].



In our study, we will leverage the two main and distinctive functions of bibliometrics. Firstly, we will utilize the mathematical and statistical methods provided by bibliometrics to select the most relevant articles. Given the existence of thousands of publications on the use of cytotoxic drugs in the treatment of colorectal cancer, it would be impractical for any researcher to review them all. Therefore, through bibliometrics, we will identify the 100 most important articles that will be crucial for our analysis, allowing us to evaluate whether chemotherapy still has a role in the investigation of treatments for this disease, as well as identifying current and potential lines of research for the future.



Secondly, we will use bibliometrics as an analytical tool to identify the key players who have led the research in this field. We will explore the existing collaborations among them, which will allow us to gain a better understanding of the research networks and the interaction among key researchers. This approach will provide us with a more comprehensive view of the scientific landscape regarding the use of cytotoxic drugs in the treatment of colorectal cancer.



We can identify the emerging themes that will guide future research, the authors or institutions that have been instrumental in exploring the most effective treatments, and the geographic distribution of countries at the forefront of research. Furthermore, we can ascertain the scientific journals with the broadest dissemination and acceptance among the research community. Citations serve as the foundation of bibliometric analysis and are among the best indicators of the quality of a study [6] and an objective criterion for selecting works to conduct research.




2. Materials and Methods


On 20 April 2023, we performed the last bibliographic search in Web of Science (WOS, Clarivate Analytics, Philadelphia, PA, USA) for all articles containing the terms “5-fluorouracil”, “5-FU”, “capecitabine”, “xeloda”, “irinotecan”, “camptosar”, “oxaliplatin” eloxatin”, “trifluridine and tipiracil”, in order to collect the different names of the main chemotherapy treatments used in colorectal cancer, both conventional drugs and new therapeutic targets. To ensure comprehensive drug selection, we used the cancer.gov website as a reference and extracted both the trade name and the FDA-accepted active ingredient name for each medication belonging to the American Cancer Society, and in the bibliography provided by this society [7].



The databases used to obtain the papers were: SCI-EXPANDED, Social Science Citation Index (SSCI), Arts and Humanities Citation Index (A & HCI), Conference Proceedings Citation Index-Science (CPCI-S), Conference Proceedings Citation Index-Social Science and Humanities (CPCI-SSH), Emerging Sources Citation Index (ESCI), Current Chemical Reactions-Expanded (CCR-EXPANDED) and Index Chemicus (IC). No filters were applied by time, article language, authors, participating institutions, topics or article funding.



After conducting preliminary searches to contextualize the study and in accordance with the total number of researchers, it was decided that the final analysis would be limited to entries that included the name of the drug as part of the article title, excluding those in which it appeared only in the abstract.



A total of 42,276 articles were identified. To focus exclusively on original research articles, we excluded Meeting Abstracts, Review Articles, Proceedings Papers, Editorial Materials, Early Access, Corrections, News Items, Book Chapters, Retracted Publications, and Retractions. This left us with a total of 11,024 articles, consisting of 10,610 Articles and 414 Letters. On the day of the search, these articles collectively had accumulated 172,123 citations, with an average of 15.61 citations per article.



To narrow our focus to articles specifically related to colorectal cancer, we implemented a secondary filter using keywords such as “colorectal”, “colon”, and “rectal”. Subsequently, we organized the articles based on their citation counts and selected the top 100 most cited articles (T100). Within this subset of articles, we conducted an analysis of various variables, including subject matter, authorship, title, citation count, source, author identification, the specific institution or country where each T100 article was published, citation density (citations per year), and citations per record.



The data obtained from this search were exported to a Microsoft Excel spreadsheet located in Redmond, WA, USA. It is worth noting that none of the authors of this manuscript have affiliations or associations with pharmaceutical industries involved in the research or production of these drugs.




3. Results


On 20 April 2023, a search was conducted to gather articles for a subsequent bibliometric study focused on the chemotherapeutic treatment of colorectal cancer. Initially, a total of 42,486 articles were retrieved by entering relevant terms into the Web of Science (WOS) database. However, after refining the search to include only original publications, we selected a total of 11,131 papers, comprising 10,621 articles and 510 letters. These publications collectively amassed 178,433 citations, resulting in an average citation density of 16.03 citations per article.



Subsequently, we applied a filter to isolate articles related to colorectal cancer, which yielded a total of 2504 papers, including 2132 articles and 372 letters. The cumulative number of these papers accumulated 48,009 citations, with an average citation density of 19.17 citations per article. Among these, the top 100 most cited articles (Table 1) received a total of 12,329 citations, with an average citation density of 123.29 citations per article.



The highest-cited article, published in 2004 in Annals of Oncology, garnered a total of 778 citations. It focused on the analysis of adverse reactions to chemotherapy in 153 patients with colorectal cancer, specifically examining the use of oxaliplatin. The list of the top 100 articles was completed with an article published in 2016 in the journal Biochemical Pharmacology, which received a total of 60 citations. This study investigated the addition of a natural diterpenoid called Andrographolide to enhance the response of 5-FU in the treatment of colorectal cancer.



The year 2017 stands out as having the most influential papers, with 8 articles from the top 100 published during that year. Additionally, from 2010 to the present, 55 out of the 100 articles were published, with 22 of them appearing in the last five years (since 2017). The last decade (2013–2022) contributed 41 articles, reflecting research trends in pharmacogenetics, adjuvant substances, and the synthesis of nanoparticles and liposomes.



In total, 734 authors contributed to the T100 articles. The top 3 authors with the highest number of published articles within the T100, each having authored 4 articles, are Falcone A and Loupakis F, accumulating a total of 382 citations and a citation density of 95.5 citations per article. Ranking third is Goel A, with 343 citations across his 4 articles, resulting in an average of 85.75 citations per article.



From a geographical perspective, the United States leads in production with 25 articles, amassing a total of 3939 citations. China closely follows with 24 papers, which received 2057 citations. Spain secures the third position with 6 papers, contributing to a total of 559 citations. France boasts the highest citation density per article, achieving 2306 citations across its 12 papers, resulting in an impressive density of 192.17 citations per article (Table 2).



Funding sources reveal that the National Natural Science Foundation of China (NSFC) supported 13 of the T100 papers, while US institutions such as the National Institutes Of Health and National Cancer Institute also funded 3 T100 papers each. It is worth noting that all T100 articles were composed in English.



Among the journals featuring T100 articles, Annals of Oncology takes the lead with a total of 11 articles. Furthermore, it boasts an impressive impact factor of 32.97 for the year 2021.




4. Discussion


The research on cytotoxic drugs is of significant current relevance, representing the primary key finding from our analysis. When examining the temporal evolution of the most relevant articles, it becomes evident that the publication distribution from year to year underscores the contemporary and substantial nature of this topic. Specifically, 55 out of the 100 relevant articles have been published from 2010 to the present day. Within the last decade, spanning from 2013 to 2022, 41 articles have been contributed. Furthermore, in the past five years, from 2017 to the present, our ranking includes 22 papers (see Figure 1).



Moreover, the year 2017 stands out with the highest number of contributions to the T100. It is noteworthy that our analysis exclusively focused on original articles, leading us to identify a total of 2470 papers with a collective citation count of 46,189, indicative of a considerable impact. This pronounced impact is also evident in the T100 dataset (refer to Table 1), where the 100 most cited articles amass a total of 12,329 citations, yielding an average citation density surpassing 120 citations per article.



To ascertain the prevailing research trends in the realm of colorectal cancer treatment, we conducted an extensive analysis of the content within the 41 articles published in the top 100 journals (T100) over the past decade. Our examination revealed three key areas of research that are currently attracting substantial attention.



The first area of research revolves around pharmacogenetics, which delves into how genetic variations influence a patient’s response to chemotherapeutic drugs used in colorectal cancer treatment [8,9]. Researchers are investigating how individual genetic differences can impact drug efficacy and toxicity, with the aim of optimizing treatment outcomes and minimizing side effects [10,11,12].



The second area of research focuses on the utilization of adjuvant substances. These are additional agents administered alongside chemotherapeutic drugs to enhance their effects. Such substances may encompass other drugs or natural compounds that have demonstrated the ability to improve drug delivery, enhance drug efficacy, or reduce drug resistance.



Lastly, the third area of research revolves around the development of more efficient pharmaceutical forms. Researchers are exploring novel drug delivery systems designed to enhance drug bioavailability and pharmacokinetics while simultaneously reducing toxicity and side effects. This includes the creation of targeted drug delivery systems capable of specifically targeting cancer cells while sparing healthy ones from harm.



In summary, our analysis of the literature indicates that these three research areas are currently the most active and promising within the field of colorectal cancer treatment.



The articles focusing on the pharmacogenetic study within the T100 dataset are #15, #21, #31, #37, #49, #51, #54, #57, #66, #67, #68, #71, #72, #73, #75, #87, and #89.



In the realm of pharmacogenetic variability in colorectal cancer therapy, it is noteworthy that non-coding molecules play a pivotal role in regulating the expression of genes associated with chemotherapeutic drug metabolism, rather than changes in coding genes. Recent research has concentrated on the study of microRNAs, which are small single-stranded RNA fragments that regulate other genes through ribo-interference. Despite their inability to produce proteins, microRNA molecules can significantly influence the effectiveness and toxicity of chemotherapeutic drugs.



Several non-coding RNA molecules have been identified as participants in regulating chemoresistance in colon cancer cells. These include MALAT1, lncRNA-like microRNA #15, Linc00152 #21, microRNA-625-3p #51, and lncRNA KCNQ1OT1 #54 and #57, all of which enhance oxaliplatin chemoresistance by targeting the miR-34a/ATG4B pathway. Conversely, miR-19b-3p promotes colon cancer cell proliferation while also fostering oxaliplatin-based chemoresistance by targeting SMAD4 #71. Additionally, miR-136 promotes metastasis and drug resistance through the long non-coding RNA CRNDE #72, while miR-637 achieves this through autophagy #75.



However, miR-506 enhances the sensitivity of human colorectal cancer cells to oxaliplatin by suppressing MDR1/P-gp expression (#89). Genetic variability also affects another chemotherapeutic drug, 5-fluorouracil, due to certain microsatellites. In one study, it was discovered that miR 139-5p, which targets NOTCH-1, and microRNA-34a, which inhibits the enzyme lactate dehydrogenase, sensitize colon cancer cells to 5-fluorouracil. Additionally, overexpression of MicroRNA-122 re-sensitizes 5-FU-resistant colon cancer cells to 5-FU by inhibiting PKM2 in vitro and in vivo (#73).



BRAF V600E and KRAS mutations have been extensively studied and found to be significantly associated with shorter disease-free survival and overall survival in patients with microsatellite-stable tumors but not in patients with microsatellite-unstable tumors. Investigating the impact of microorganisms on variable gene expression that can influence pharmacogenetics is crucial (#31). Fusobacterium nucleatum promotes chemoresistance to 5-fluorouracil by positively regulating BIRC3 expression in colorectal cancer (#37). Furthermore, the analysis of the functional capacity of the gut microbiota using PICRUSt revealed that genes involved in amino acid metabolism, replication and translation repair, and nucleotide metabolism were better expressed in a healthy microbiota (#49).



The second trending topic involves the study of adjuvant substances that enhance the properties of chemotherapy drugs used in colorectal cancer therapy. Articles #22, #39, #43, #50, #56, #69, #79, #86, #94, #95, and #100 explore the use of adjuvant substances, such as melatonin, curcumin, or resveratrol, as well as Epigallocatechin-3-gallate, which exhibit positive effects when administered alongside cytotoxic therapy [13,14,15].



Study #22 suggests that the hormone melatonin can enhance the effectiveness of 5-fluorouracil in treating colon cancer by suppressing two signaling pathways, namely PI3K/AKT and NF-κB/Inos. Additionally, melatonin in combination with 5-fluorouracil can work together to suppress colon cancer stem cells by regulating the cellular prion protein axis (#95).



In study #43, resveratrol is found to sensitize colorectal cancer cells to 5-fluorouracil treatment by positively regulating intercellular junctions, epithelial-to-mesenchymal transition, and apoptosis. Resveratrol also enhances the effect of TNF-beta-induced cell death in 5-fluorouracil-treated colorectal cancer cells (#94).



Study #50 demonstrates that curcumin can reverse resistance to oxaliplatin in colorectal cancer cells by modulating the CXC-chemokine/NF-κB signaling pathway. Curcumin also sensitizes 5-fluorouracil-resistant MMR-deficient human colon cancer cells in high-density culture (#56).



In article #69, a combination of drugs and supramolecular therapy administered with oxaliplatin is shown to have adjuvant efficacy. Furthermore, cyclooxygenase-2 inhibitors can increase the efficacy and delivery of carboxylated pilar [6] and decrease cytotoxicity.



Two studies (#38 and #86) demonstrate that epigallocatechin-3-gallate can target cancer stem cells and enhance the sensitivity of colorectal cancer cells to 5-fluorouracil by inhibiting the GRP78/NF-kappa B/miR-155-5p/MDR1 pathway.



Work #100 reveals that andrographolide can reverse 5-fluorouracil resistance in human colorectal cancer cells by upregulating BAX expression.



Lastly, recent developments in new pharmaceutical forms aim to improve the efficacy and safety of drugs [16,17,18]. Pharmaceutical technology is being utilized to discover new delivery vehicles capable of accurately delivering drugs to their intended targets. The use of nanoparticles and liposomes has emerged as a promising approach to drug delivery, as highlighted in articles #47, #56, #92, #93, and #98.



As an example of this approach, researchers have developed Eudragit S100-coated citrus pectin nanoparticles for targeted delivery of 5-fluorouracil in the colon (#47). Another study employed enteric coating to achieve sustained and localized release of 5-fluorouracil (#56). Additionally, pH-sensitive double-layered alginate/chitosan/kappa-carrageenan microspheres were designed for controlled release of 5-fluorouracil in the colon (#92).



In addition to nanoparticles, liposomes are also under investigation for targeted drug delivery. For instance, a novel delivery system using folic acid-conjugated liposomes was developed for 5-fluorouracil in colon cancer therapy (#93). Another study explored the use of pH-sensitive ZnO/carboxymethylcellulose/chitosan bionanocomposite beads to achieve colon-specific release of 5-fluorouracil (#98).



Overall, the development of these new pharmaceutical forms represents an exciting area of research with the potential to significantly improve the effectiveness and safety of drug treatments. By leveraging advanced technology to precisely deliver drugs to their intended targets, researchers can reduce the risk of side effects and enhance the efficacy of treatments for various diseases, including cancer.



Regarding the analysis of authors who participated in the T100 articles, it is evident that strong co-authorship is prevalent among them. Collaborative efforts involving multiple professionals in research and article publication are regarded as a quality parameter, providing a broader perspective, potential multidisciplinarity, and access to a wider network of readers. Over 700 authors contributed to the T100. Co-authorship serves as an indicator of collaboration and teamwork among researchers, measuring collaboration between institutions and countries in scientific output [19].



Furthermore, co-authorship is significant for assessing the quality and impact of research, as collaboration among authors from different institutions and disciplines can bring diverse perspectives and expertise to a research project. Co-authorship also aids in evaluating researchers’ productivity and the influence of their work within the scientific community (see Figure 2 and Figure 3).



The bibliometric analysis of the authors reveals that the Lotka law of productivity does not apply in this case, as the production of articles is distributed quite evenly among many authors. This law typically suggests that a small group of authors produces the majority of relevant publications and, consequently, accumulates the majority of citations. While three authors have authored 4 articles each, making them the most prolific, they have received just over 300 citations collectively. However, it is important to note that this citation count might not be considered high when considering the high citation density per article [19].



In terms of research leadership, both the United States and China are at the forefront of this field, with nearly equal numbers of articles (25 versus 24, respectively). However, it is noteworthy that articles in which the United States participated received nearly twice as many citations. It is worth mentioning that China entered the research arena later, with its first article published in the T100 in 2006. Additionally, four European countries also contribute significantly to this field (see Table 2 and Figure 4).



These results underscore the exponential growth in research within China. According to data from the Chinese Ministry of Science and Technology, the Chinese government has substantially increased its investment in research over the past decade. In 2019, the total investment in research and development (R & D) in China reached CNY 2.44 trillion (approximately USD 371.7 billion), marking a 12.5% increase compared to the previous year. Moreover, investment in R & D has steadily risen in recent years, growing from 1.42% of GDP in 2009 to 2.23% in 2019 [20].



It is noteworthy that English serves as the essential tool for scientific communication, even in research related to the use of colorectal chemotherapy. All articles in the T100 are written in English [21]. This is understandable because, for an article to be considered relevant, it must reach the widest possible audience, and there is no language more universal than English. All articles are published in high-impact journals, with the journal Annals of Oncology being the most prolific in the T100. It is a specific journal focused on cancer research and had an impact factor of 32.97 in 2021 (see Table 3).



Additionally, the primary institutions that have funded these papers underscore the significance of this topic. Public institutions from two of the world’s most influential countries, the National Natural Science Foundation of China (NSFC) and American institutions such as the National Institutes of Health and National Cancer Institute, have provided funding various of the T100 papers. The NSFC has funded 13 papers, while American institutions have funded 3 papers within the T100, according to the data obtained from WOS (see Figure 5).



Analyzing institutions in a bibliometric analysis is crucial as it allows for the identification of organizations that finance and support research in a specific field [22]. This information can be valuable for understanding resource allocation, funding trends, and collaboration among institutions in a particular area of research [23]. Moreover, it can help identify the most influential institutions in a field and those making the most significant contributions to scientific production in that area. In summary, the analysis of institutions provides an overview of the research landscape in a specific field and informs policies and decisions related to research investments.




5. Conclusions


The analysis of bibliometric data underscores the sustained significance and impact of research on cytotoxic drugs for the treatment of colorectal cancer. This is evident through the substantial volume of articles and high citation density observed in both the initial search and the subsequent refined results. Currently, research in this field is primarily concentrated in three key areas: pharmacogenetics, adjuvant substances, and advancements in pharmaceutical forms.



The leading countries actively contributing to this research are the United States and China, both of which have made substantial public investments in research endeavors. Institutions from these countries play a prominent role in funding, with the National Natural Science Foundation of China (NSFC) leading the way with funding for 13 papers, closely followed by prominent American institutions such as the National Institutes of Health and National Cancer Institute.



Collaboration among authors is common, and the predominant language of publication is English. High-impact journals are the preferred choice for publication, with the Annals of Oncology being particularly noteworthy in this regard.
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Figure 1. Annual distribution of T100. 
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Figure 2. Relationship between the authors with 6 or more publications on a topic. Numbers inside the circles indicate the number of articles published. Connecting arrows and numbers affixed indicate number of papers together, respectively. 
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Figure 3. Relationship between the countries with 25 or more publications on a topic. Numbers inside the circles indicate the number of articles published. Connecting arrows and numbers affixed indicate number of papers together, respectively. 
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Figure 4. Map depicting countries with the highest number of publications within the Top 100 articles, based on a map created using MapaChart.net. 
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Figure 5. Funding agencies for more than 14 of the T100 manuscripts are arranged by the number of T100 records. 
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Table 1. Bibliometric information associated with the top 100 (T100) cited articles.
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Rank

	
Article Title

	
Journal

	
Year

	
Times Quoted




	
#






	
1

	
Severe hepatic sinusoidal obstruction associated with oxaliplatin-based chemotherapy in patients with metastatic colorectal cancer

	
Annals of Oncology

	
2004

	
778




	
2

	
Metabolism of 5-fluorocytosine to 5-fluorouracil in Human Colorectal Tumor-Cells Transduced with the Cytosine Deaminase Gene-Significant Antitumor Effects when only a Small Percentage of Tumor-Cells Express Cytosine Deaminase

	
Proceedings of the National Academy of Sciences of the United States of America

	
1994

	
426




	
3

	
Liver histology and surgical outcomes after preoperative chemotherapy with fluorouracil plus oxaliplatin in colorectal cancer liver metastases

	
Journal of Clinical Oncology

	
2006

	
410




	
4

	
Effect of steatohepatitis associated with irinotecan or oxaliplatin pretreatment on resectability of hepatic colorectal metastases
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	Record Count
	Times Cited
	Average Citations/Record
	Oldest Article
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	25
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	24
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	85.71
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	12
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	192.17
	1982



	Italy
	11
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	Germany
	7
	561
	80.14
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	6
	559
	93.17
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	4
	7.31
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