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Background: In recent years, tryptophan metabolism has gained increasing
attention for its pivotal role in shaping the tumor immune microenvironment
and promoting cancer progression. As a result, it has become a central topic in
cancer metabolism and tumor immunology. This study applies a comprehensive
bibliometric approach to analyze global research trends in tryptophan
metabolism within the context of cancer. By identifying emerging hotspots,
leading contributors, and patterns of international collaboration, this work aims
to provide meaningful insights to guide future therapeutic strategies targeting
metabolic pathways in oncology.

Methods: A systematic literature search was performed using the Web of Science
Core Collection to retrieve publications related to tryptophan metabolism in
cancer from 2005 to 2024. Bibliometric and visual analyses were conducted
using CiteSpace, VOSviewer, and Python to examine publication trends, national
and institutional contributions, author productivity, journal in�uence, co-citation
networks, and keyword co-occurrence patterns.

Results: A total of 1,927 publications were identi�ed, authored by 11,134
researchers from 70 countries and published in 781 academic journals. The
volume of publications showed a steady increase, peaking in 2021. The United
States and China emerged as the dominant contributors, excelling in both
research output and international collaboration. Dietmar Fuchs was identi�ed
as the most proli�c author, with 61 publications. The Medical University of
Innsbruck was the leading institution, with 144 publications. Frontiers in
Immunology demonstrated strong citation performance and academic impact.
Co-citation and keyword analysis revealed key research themes, including “IDO
(indoleamine 2,3-dioxygenase),” “tryptophan catabolism,” “cancer,” and
“dendritic cells,” as well as emerging topics such as “gut microbiota,” “tumor
microenvironment,” “aryl hydrocarbon receptor,” and “cancer immunotherapy.”
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Conclusion: This study highlights the growing signi�cance of tryptophan
metabolism research in cancer, underlining the complex interactions between
metabolic pathways and immune responses. Further investigations are needed to
explore the therapeutic potential of these metabolic pathways, which could lead
to novel cancer treatment strategies.
KEYWORDS
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1 Introduction

Cancer is a highly complex and heterogeneous disease
characterized by the dysregulation of normal cellular control
mechanisms, leading to the abnormal proliferation and
dissemination of malignant cells (1). This uncontrolled growth
threatens patients’ physical and mental well-being and adversely
affects family dynamics and interpersonal relationships. According
to the World Health Organization (WHO), cancer is the second
leading cause of death worldwide after cardiovascular diseases,
causing approximately 10 million deaths annually. Projections
indicate that from 2020 to 2050, the global economic burden of
cancer will reach $25.2 trillion, equivalent to an average annual tax
burden of 0.55% of the global gross domestic product (GDP) (2). By
2050, the global incidence of cancer is projected to rise to 35.3
million new cases—a 76.6% increase—while cancer-related
mortality may reach 18.5 million, representing an 89.7% increase
(3). Despite advances in conventional treatments such as surgery,
chemotherapy, and radiotherapy, drug resistance remains a major
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unresolved challenge. To overcome this, modern approaches
including targeted therapy, immunotherapy, gene therapy, stem
cell therapy, natural antioxidants, photodynamic therapy,
nanoparticles, and precision medicine are being applied to cancer
diagnosis and treatment (4–8). Among these, metabolic therapy has
attracted considerable interest for its promising therapeutic
potential (9).

Drug resistance primarily arises from tumors establishing
compensatory signaling pathways, alterations in target proteins,
changes in the tumor microenvironment, tumor heterogeneity, and
adaptation to targeted therapies. The interaction of these factors
drives the development of acquired resistance to targeted
treatments (10). To date, the U.S. Food and Drug Administration
(FDA) has approved drugs targeting over 30 distinct molecular
targets (11–13), offering new hope to patients. Advances in
technologies such as whole-genome sequencing, targeted high-
throughput sequencing, and deep sequencing have enabled the
detection of aberrant tumor genes with greater precision.
Immunotherapies—including immune checkpoint inhibitors,
CAR-T cell therapies, and cancer vaccines (14, 15) —leverage the
host immune system to selectively eliminate malignant cells while
sparing normal tissues (16). Notably, PD-1/PD-L1 antibody
therapies have shown remarkable ef�cacy and durable responses
across various cancers, with fewer side effects than conventional
treatments (17, 18).

Studies have demonstrated that tumor cells preferentially
metabolize glucose into lactate via glycolysis even in the presence
of oxygen, a phenomenon known as the Warburg effect. This
metabolic reprogramming provides a theoretical foundation for
tumor metabolic therapy (19). Among metabolic pathways,
tryptophan metabolism has attracted signi�cant attention due to
its essential role in regulating in�ammation, metabolism, immune
responses, and neurological functions (20). Beyond these
physiological processes, tryptophan metabolism has been
implicated in tumor progression by suppressing anti-tumor
immunity and promoting tumor cell malignancy (21). In
particular, enzymes involved in the kynurenine pathway—such as
IDO and tryptophan 2,3-dioxygenase (TDO)—have been correlated
with poor prognosis in multiple cancer types (22).

As research on tryptophan metabolism in cancer advances,
there is an increasing need to explore the current status and
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emerging trends in this �eld. Bibliometrics has become a powerful
and widely used tool for analyzing and evaluating scienti�c
literature across disciplines. As an interdisciplinary science,
bibliometrics employs mathematical and statistical methods
alongside visualization techniques to quantitatively analyze large
bodies of literature within speci�c research domains, thereby
revealing patterns and trends in the development of scienti�c
topics (23). This quantitative approach offers an objective and
intuitive assessment of past academic activities and achievements,
minimizing potential biases arising from subjective evaluation (24).
By quantifying research output, bibliometrics enables comparisons
of scholarly productivity across countries, institutions, authors, and
journals, and facilitates the identi�cation of cutting-edge research
and publication trends (25). Although bibliometric analyses have
been widely conducted in many �elds, no comprehensive
bibliometric study has yet addressed tryptophan metabolism in
cancer. Therefore, this study employs bibliometric analysis to
comprehensively examine the literature on tryptophan
metabolism in cancer from 2005 to 2024. It aims to identify the
developmental trajectory, current research landscape, and emerging
trends, while providing guidance for future research directions and
therapeutic strategies (see Figure 1).
2 Materials and methods

2.1 Data acquisition and search strategy

The Web of Science is globally recognized as a leading
authoritative database, indexing a wide range of high-quality
academic journals, conference papers, books, patents, and other
scholarly works. We conducted a literature search in the Web of
Science Core Collection for documents related to tryptophan
metabolism and cancer, utilizing the following search
strategy: Topic: ((TS=(cancer* OR tumor* OR tumour* OR
neoplas* OR malignan* OR carcinoma* OR adenocarcinoma*
OR choricarcinoma* OR leukemia* OR leukaemia* OR metastat*
OR sarcoma* OR teratoma* OR melanoma* OR lymphoma* OR
myeloma*)) NOT TS=(“benign neoplasms” OR “benign neoplasm”
OR “neoplasms, benign” OR “neoplasm, benign” OR “benign
tumor” OR “non-malignant neoplasms” OR “non-cancerous
tumor” OR “non-neoplastic lesion”)) AND TS=(“tryptophan
metabolism” OR “trp metabolism” OR “tryptophan catabolic
pathway*” OR “tryptophan degradation*” OR “tryptophan
breakdown” OR “indole metabolism” OR “kynurenine pathway”
OR “serotonin metabolism” OR “tryptophan catabolism*” OR
“tryptophan degradation pathway*” OR “tryptophan metabolic
pathway*” OR “tryptophan oxidation” OR “tryptophan turnover”
OR “tryptophan biotransformation” OR “tryptophan metabolite*”
OR “tryptophan metabolism regulation” OR “tryptophan
metabolic network”).
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2.2 Inclusion and exclusion criteria

Preliminary searches revealed that the earliest publication
addressing the role of tryptophan metabolism in cancer
development dates back to 1955, marking the initial exploration
of this �eld. From 1955 to 2004, a total of 313 relevant publications
were retrieved, accounting for 13.3% of the overall dataset (2,352
articles). However, the annual publication output during this period
remained low, with most years recording fewer than ten articles,
and only 20 articles published in 2004. These �ndings suggest that,
although early research laid a foundational basis, the �eld was still
in its infancy and lacked sustained and systematic development. In
contrast, the period from 2005 to 2024 witnessed a signi�cant
acceleration in research activity, characterized by a steady increase
in annual publication volume. A total of 2,039 articles were
retrieved during this stage, indicating greater academic interest
and a more robust research output.

To ensure the scienti�c rigor and reliability of the analysis, this
study focused on publications from August 1, 2005, to July 31, 2024.
Only English-language original research articles and reviews were
included, while unrelated or retracted publications were excluded.
After applying these criteria, 1,927 high-quality articles were
retained for analysis. All retrieved records were exported in plain
text format in multiple batches, each named as “download_xxx.txt,”
including full records and cited references. The data were then
imported into CiteSpace software for duplicate removal, resulting in
a �nal dataset comprising 1,927 valid articles. The entire data
retrieval and preprocessing process was completed on August 1,
2024. A detailed work�ow is illustrated in Figure 2. To enhance the
comprehensiveness and transparency of this study—and to
acknowledge the contributions of early researchers—
Supplementary Table S1 provides the annual publication
distribution from 1955 to 2004, along with a brief summary of
several representative early studies.
2.3 Analysis tools

This study employed a range of visualization tools to intuitively
and systematically present and analyze bibliometric data, including
Python, CiteSpace (6.3.R1), VOSviewer (1.6.19), and R
Bibliometrix. Python was primarily used for �exible data
processing and the generation of customized visualizations, such
as annual publication trends and comparative metric charts.
CiteSpace facilitated data cleaning and comprehensive visual
analyses, including institutional collaboration networks, co-cited
references, keyword co-occurrence, and clustering. VOSviewer and
R Bibliometrix were applied to construct collaboration and co-
occurrence networks among countries, authors, and journals,
providing a clear depiction of global research collaboration
patterns and the distribution of academic in�uence.
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To systematically evaluate the research landscape and identify
emerging trends in tryptophan metabolism and cancer, several core
bibliometric indicators were applied. The number of publications
was used to assess research activity and temporal evolution, while
citation frequency re�ected academic impact. Author and
institutional performance were evaluated using the H-index, G-
Frontiers in Oncology 04
index, and M-index. Keyword co-occurrence frequency and
centrality helped identify key research hotspots and core themes.
Additionally, burst detection was conducted to uncover rapidly
emerging topics within speci�c timeframes. Clustering analyses of
keywords and co-cited references were also performed. The quality
and robustness of the clustering structure were assessed using
FIGURE 1

Graphical abstract illustrating the bibliometric analysis of tryptophan metabolism in cancer. Publications related to tryptophan metabolism in cancer
were retrieved from the Web of Science Core Collection (WOSCC). Visualization analyses were conducted using multiple tools, covering various
perspectives including annual publication trends, leading countries, proli�c authors, in�uential institutions, journals, co-cited references, and
keyword co-occurrence.
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modularity (Q) and silhouette (S) scores. A Q value greater than 0.3
indicates statistically signi�cant clustering. An S value above 0.5
suggests reasonable cluster quality, while a value above 0.7 re�ects
high reliability and ef�ciency.
3 Results

3.1 Analysis of publications and citations

Between 2005 and 2024, a total of 1,927 publications related to
tryptophan metabolism in cancer were identi�ed (see Figure 3). The
�eld began with just 17 publications in 2005 and has since
demonstrated steady growth. Notably, research activity
accelerated signi�cantly after 2019, reaching a peak of 196
publications in 2021. Although there was a slight decline in
output in 2022 and 2023, the overall upward trajectory remains
strong. This temporary dip may be partly attributed to the global
COVID-19 pandemic, which disrupted research activities
worldwide. Simultaneously, citation counts increased dramatically
—from zero in 2005 to 12,102 by 2024—indicating growing
academic attention and in�uence. Linear regression analysis
Frontiers in Oncology 05
demonstrated a strong positive correlation between publication
volume and year (R� = 0.83659, Adjusted R� = 0.82751),
suggesting a high degree of model �t and con�rming the robust
upward trend. These �ndings highlight the increasing importance
of tryptophan metabolism in cancer research and the expanding
interest in this topic over the past two decades.
3.2 Analysis of the top producing
countries/regions

A total of 1,927 publications related to tryptophan metabolism
in cancer were contributed by researchers from 70 countries. As
shown in Table 1, the United States leads in publication output with
537 papers and 40,276 citations, and demonstrates a total link
strength of 320, highlighting its strong academic in�uence and
extensive research collaborations. China ranks second with 529
publications, a total link strength of 120, and 14,522 citations.
Although China’s publication count nearly matches that of the
United States, a signi�cant gap in citation frequency suggests room
for improvement in research quality and international impact.
Germany, despite publishing only 161 papers, has garnered
FIGURE 2

Flowchart of the literature screening process.
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TABLE 1 Top 10 countries/regions and institutions contributing to tryptophan metabolism research in cancer.

Rank Country Publications Citations
Total
link

strength
Institutions Publications Institutions Citations

1 USA 537 40276 320
Medical University

of Innsbruck
144

German Cancer
Research

Center (DKFZ)
3508

2 China 529 14522 120 Wayne State University 135
Thomas

Jefferson University
3285

3 Germany 161 10810 214 Helmholtz Association 122
Lankenau Institute for

Medical Research
3243

4 Italy 120 8383 130
German Cancer

Research
Center (DKFZ)

107
Medical College

of Georgia
2959

5
United

Kingdom
119 6181 205

Ruprecht Karls
University Heidelberg

105 University of Perugia 2888

6 Japan 109 6121 39
University of
Texas System

100
Innsbruck

Medical University
2421

7 Austria 85 4451 73
University of

California System
96 University of Illinois 2321

8 Australia 79 4945 114 Harvard University 89
Catholic University

of Louvain
2303

9 France 79 5925 160
Northwestern

University
79 University of Padua 2108

10 Netherlands 75 4987 119
Medical University

of Lublin
78 University of Sydney 1986
F
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FIGURE 3

Annual publication and citations on tryptophan metabolism in cancer research from 2005 to 2024.
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10,810 citations and achieved a total link strength of 214, re�ecting
its prominent role within the European research network and its
high academic in�uence.

The global distribution of research efforts (see Figures 4A, B)
shows that the United States and China dominate in both
publication volume and citation frequency. In contrast, European
countries such as Germany, the United Kingdom, and France
exhibit a clear advantage in research quality and international
collaboration. Radar charts (see Figures 4C, D) further illustrate
Frontiers in Oncology 07
the comparative academic output and collaborative strengths of
leading countries. Cluster analysis (Figure 4E) reveals the formation
of several regional and international research alliances,
underscoring a pattern of strong transnational collaboration. The
United States plays a central role in the global research network,
engaging extensively with partners across Europe, Asia, and
beyond. In comparison, countries in South America, Africa, and
parts of Southeast Asia remain underrepresented, with their
research activities often relying on collaborations with major
FIGURE 4

Global distribution of tryptophan metabolism in cancer research. (A) Global distribution of publications on tryptophan metabolism in cancer, with
colors representing varying publication volumes, and darker red indicating higher counts. (B) Global distribution of citations on tryptophan
metabolism in cancer, with colors representing varying citation frequencies, and darker red indicating higher counts. (C) Visualization map of country
publications in tryptophan metabolism and cancer. (D) Visualization map of country citations in tryptophan metabolism and cancer. (E) Geographic
clustering visualization of countries/regions. (F) Collaboration network diagram of countries/regions in tryptophan metabolism and cancer, where
nodes represent countries, node size re�ects publication volume, and links indicate collaboration strength.
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