10

11
12

13
14

15
16

17

18

19
20

21
22

""' frontiers

Yuanbin Huang'*', Xinmiao Ma!f, Hengxing Zhu'f, Chen Shen!, Ke Hu!, Yang Yu', Aoyu

Yang!, Zhuo Liu*, Chuanyang Liu*, Wenrui Shi°, Wei Wang!", Xueyan Xia%", Jiawen Wang?*",
Xiancheng Li'”

"Department of Urology, Second Affiliated Hospital of Dalian Medical University, Dalian, 116021,

Liaoning, China

’Department of General Surgery, West China Hospital, Sichuan University, Chengdu, 610041,

Sichuan, China

3Department of Urology, Shengli Clinical Medical College of Fujian Medical University, Fujian
Provincial Hospital, Fuzhou University Affiliated Provincial Hospital, Fuzhou, 350001, Fujian,
China

“Department of Obstetrics and Gynecology, Shengjing Hospital of China Medical University,
Shenyang, 110004, Liaoning, China

SDepartment of General Medicine, Liaoning Cancer Hospital of Dalian University of Technology,

Shenyang, 110044, Liaoning, China

®Medical Literature Retrieval Department, Dalian Medical University, Dalian, 116044, Liaoning,
China

"These authors contributed equally to this work.
* Correspondence:

Xiancheng Li
1xc2620@163.com

Jiawen Wang

1811210684@pku.edu.cn

o ‘ P B [Yuanbin Huang]: f3{: 39.83 4%, AXI5F


Yuanbin Huang
Reviewer 4
Your comments:
Point 9
The author should correct minor grammatical errors.

Reply:
We appreciate your attention to language quality. A thorough proofreading of the manuscript has been conducted, and minor grammatical and typographical errors have been corrected to ensure linguistic accuracy and fluency.

Yuanbin Huang
Reviewer 4
Your comments:
Point 10
The author should follow the plagiarism guidelines of the journal.

Reply:
We fully acknowledge the importance of academic integrity. The manuscript has been thoroughly checked for originality using standard plagiarism detection tools, and all cited materials are properly referenced. We confirm that the manuscript complies with the plagiarism and ethical guidelines of the journal.

Yuanbin Huang
Reviewer 4
Your comments:
Point 8
The author should improve the quality of figures (figures should be 300 dpi), ensure consistent font sizes, and provide a clear and concise explanation of figure legends.

Reply:
Thank you for your constructive suggestion. We have updated all figures to ensure a resolution of 300 dpi and have standardized the font sizes across all elements for visual consistency. Additionally, we have revised the figure legends to provide clearer and more concise descriptions of each figure’s content and analytical context, in accordance with the journal’s formatting guidelines.

Yuanbin Huang
Reviewer 3
Your comments:
Point 2:
Implement advanced data analysis techniques such as machine learning algorithms to handle large datasets more effectively and ensure a thorough quantitative analysis.

Reply:
Thank you for your insightful suggestion. We agree that machine learning algorithms offer powerful capabilities for handling large and complex datasets. However, the primary aim of this study was to conduct a structured bibliometric analysis using validated tools such as CiteSpace and VOSviewer, which are specifically designed for visualizing collaboration networks, co-citation patterns, and keyword evolution in scientific literature. These methods are widely accepted in the bibliometric research community and align with our goal of mapping research trends and academic influence in a transparent and replicable manner. Incorporating machine learning techniques—while valuable in certain contexts—would require a different methodological framework and may deviate from the study’s intended scope. Therefore, we respectfully chose not to include such approaches in the current analysis.
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Abstract

Background: Renal cell carcinoma (RCC) is a prevalent tumor of the urinary system. Beyond
surgical treatment, targeted therapies and immunotherapies are the primary therapeutic options for
RCC. Although immunotherapy has been extensively studied, research on the association between
the immune checkpoint PD-1/PD-L1 and RCC remains relatively novel. Thus, we aim to assess the
global scientific outcomes of studies focusing on PD-1/PD-L1 in RCC from 2005 to 2024 and to

identify emerging research trends.

Methods: Data were collected from the Web of Science Core Collection using a predefined search

strategy. A total of 1.597 articles were ultimately included. In addition, 258 clinical trials registered

on ClinicalTrials.gov from 2011 to 2024 were reviewed to evaluate the translational progress and

global research activity. The articles were visualized and analyzed using GraphPad Prism and the

bibliometric tools CiteSpace and VOSviewer.

Results:

Conclusion:

" ‘ MR Yuanbin Huang [2]]: D

M5 [Yuanbin Huang [2]]: ata were collected from the Web
of Science Core Collection using a predefined search strategy.
A total of 1597 articles were ultimately included. The articles

were visualized and analyzed using GraphPad Prism and the

bibliometric tools CiteSpace and VOSviewer.

‘ W[ Yuanbin Huang [2]]: T

M4 Yuanbin Huang [2]]: he number of publications in this
field has shown a consistent upward trend, with a marked
increase startingThere is an overall upward trend in the
number of papers published, with a notable increase beginning

in 2013 and peaking in 2021. The United States leads in b (-]

‘ W[ Yuanbin Huang [2]]: T

W[ Yuanbin Huang [2]]: his study provides domestic and
international researchers with a comprehensive
overviewunderstanding of the current research landscape
surrounding PD-1/PD-L1-based immunotherapy in RCC.

therapy. Moreover, it identifies emerging research trends « (-

B[ Yuanbin Huang]: It also highlights new avenues for
future research.

‘ 4 [ Yuanbin Huang [2]]: .


Yuanbin Huang
Reviewer 1
Your comments:
Point 2:
The sentences in the results section need clarification and grammar corrections. For example, “The United States leads in both the number of publications (n=625) and citations (n=68687). Harvard University is the leading institution.” This sentence appears to mislead the readers. Please correct it.

Reply:
Thank you for your helpful comment. We have revised the relevant sentences in the Results section to improve clarity and grammatical correctness. Specifically, we clarified the distinction between national-level (e.g., the United States) and institutional-level (e.g., Harvard University) productivity and impact, to avoid confusion. We also rewrote the paragraph to enhance readability and ensure accurate scientific communication.

Yuanbin Huang
Reviewer 1
Your comments:
Point 1:
The last sentence of the scope statement seems to be incomplete. Please correct it.

Reply:
Thank you for pointing this out. We have revised the final sentence of the scope statement to ensure completeness and clarity. The updated version now emphasizes both the current research landscape and the emerging directions in the field, with the aim of guiding future investigations and clinical applications.


1. Introduction

‘ M Yuanbin Huang]: rising

‘ W[ Yuanbin Huang]: increasing

‘ W% [Yuanbin Huang]: rates

‘ M ¥ [Yuanbin Huang]: pollution

‘ %[ Yuanbin Huang]: RCC typically presents with subt' (==
‘ [ Yuanbin Huang]: Approximately 25% of RCC patic (-]

‘ %[ Yuanbin Huang]: For advanced RCC, targeted ther: (-

‘ MM Yuanbin Huang]:  with immune dysregulation play (-

‘ M [Yuanbin Huang]: . Tumor cells evade immune 9
BIB(x3783]: (9).

IR x3783]:

‘ MR Yuanbin Huang]: Examples include programmed d- (-2
B x3783]: (10)

‘ 4 [ Yuanbin Huang]:

‘ M ¥:[tx3783]: renal cell carcinoma (

\ M4 [tx3783]: )

\ ME[tx3783]:

‘ M [tx3783]:  immune checkpoint inhibitors (
MBRx3783]: )
‘ ME&[tx3783]: As a result, blockade of the PD-1/PD-L1 (-]

MI[x3783]: (Pardoll, 2012)



Yuanbin Huang
Reviewer 1
Your comments:
Point 3:
Under Introduction, please mention RCC subtypes. A few of the papers referenced, for example, reference 4, were on clear cell RCC.

Reply:
Thank you for your insightful suggestion. In response, we have revised the Introduction section to include a description of the major histological subtypes of RCC, including clear cell RCC (ccRCC), papillary RCC, and chromophobe RCC. We have also clarified that ccRCC is the most prevalent subtype, accounting for approximately 70%–80% of all RCC cases. This revision helps to better align the context of our citations, including reference 4, which focuses specifically on ccRCC.

Yuanbin Huang
Reviewer 1
Your comments:
Point 5
Background information on PD-1/PD-L1 in RCC is missing. Since the paper primarily focuses on this topic, it will be helpful for better understanding. Please add it.

Reply:
Thank you for your insightful comment. In response, we have expanded the background section to include a more detailed explanation of the PD-1/PD-L1 pathway specifically in the context of renal cell carcinoma (RCC). We now highlight the immunosuppressive tumor microenvironment in RCC, the mechanism by which PD-1/PD-L1 mediates T cell exhaustion and immune escape, and the clinical rationale for targeting this axis. These revisions aim to enhance the reader’s understanding of the scientific and clinical significance of this pathway in RCC.

Yuanbin Huang
Reviewer 1
Your comments:
Point 4
To enhance reader comprehension, particularly for those less familiar with RCC treatment modalities, I suggest incorporating a table that outlines the various treatments discussed. This table should clearly categorize each treatment as either an immune checkpoint inhibitor (ICI) or a tyrosine kinase inhibitor (TKI), providing a concise overview.

Reply:
Thank you for your constructive suggestion. In response, we have added Supplementary Table 1 to the manuscript, which summarizes the key therapeutic agents currently used in the treatment of advanced RCC. This table categorizes each drug according to its mechanism of action, distinguishing between tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs). We believe this addition enhances the clarity of the treatment landscape and benefits readers who may be less familiar with these treatment modalities.

Yuanbin Huang
Reviewer 1
Your comments:
Point 4:
To enhance reader comprehension, particularly for those less familiar with RCC treatment modalities, I suggest incorporating a table that outlines the various treatments discussed. This table should clearly categorize each treatment as either an immune checkpoint inhibitor (ICI) or a tyrosine kinase inhibitor (TKI), providing a concise overview.

Reply:
Thank you for your constructive suggestion. In response, we have added Supplementary Table 1 to the manuscript, which summarizes the key therapeutic agents currently used in the treatment of advanced RCC. This table categorizes each drug according to its mechanism of action, distinguishing between tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs). We believe this addition enhances the clarity of the treatment landscape and benefits readers who may be less familiar with these treatment modalities.

Yuanbin Huang
Reviewer 5
Your comments:
Introduction
Point 8:
Line 56: "with immune dysregulation playing a critical role in tumor progression" — consider expanding slightly to mention which components (e.g., T cells, myeloid cells) are involved if space allows.

Reply:
Thank you for your helpful suggestion. In response, we have expanded the sentence to specify key immune components involved in immune dysregulation during RCC progression, including T cell exhaustion, myeloid-derived suppressor cell (MDSC) accumulation, and impaired antigen presentation. We believe this revision improves clarity and strengthens the mechanistic background of RCC immune evasion.

Yuanbin Huang
Reviewer 5
Your comments:
Introduction
Point 10
The Cells paper titled “Apoptosis: A Comprehensive Overview of Signaling Pathways, Morphological Changes, and Physiological Significance and Therapeutic Implications” provides foundational and up-to-date information on apoptotic mechanisms, which are relevant to immune checkpoint pathways and cancer therapy. Add a sentence dysregulation of apoptosis also contributes significantly to immune escape and tumor progression, making apoptotic pathways a key target for immunotherapy development after this line “Tumor cells evade immune responses by creating immunosuppressive microenvironments, disrupting antigen presentation, suppressing effector T-cell activity, and promoting immune tolerance (8). in the introduction and cite the apoptosis article mentioned above. The revised version is as follows:

Reply:
We appreciate the reviewer’s helpful suggestion. In response, we have added a sentence directly following the mentioned line to emphasize the role of apoptotic pathway dysregulation in immune escape and tumor progression. We have cited the recommended Cells article to provide up-to-date and comprehensive background on this mechanism and its relevance to immunotherapy development.

Yuanbin Huang
Reviewer 1
Your comments:
Point 5:
Background information on PD-1/PD-L1 in RCC is missing. Since the paper primarily focuses on this topic, it will be helpful for better understanding. Please add it.

Reply:
Thank you for your insightful comment. In response, we have expanded the background section to include a more detailed explanation of the PD-1/PD-L1 pathway specifically in the context of renal cell carcinoma (RCC). We now highlight the immunosuppressive tumor microenvironment in RCC, the mechanism by which PD-1/PD-L1 mediates T cell exhaustion and immune escape, and the clinical rationale for targeting this axis. These revisions aim to enhance the reader’s understanding of the scientific and clinical significance of this pathway in RCC.

Yuanbin Huang
Reviewer 5
Your comments:
Introduction
Point 9:
Most claims are appropriately referenced, but some key statements (e.g., “ICIs utilize monoclonal antibodies…”) could benefit from citation to foundational trials or reviews (especially for non-specialist readers).
Reply:
Thank you for the suggestion. We have revised the paragraph to include appropriate citations supporting the mechanism of action and clinical relevance of immune checkpoint inhibitors (ICIs), especially those targeting PD-1/PD-L1 in RCC. We cited pivotal clinical trials and a comprehensive review to help both specialist and non-specialist readers better understand the therapeutic rationale and evidence base.
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relevance of the PD-1/PD-L1 axis is essential not only for interpreting clinical responses but also for

cuiding the rational design of next-generation immunotherapies,

2. Methods

2.1 Data Sources and Search Strategy

ﬂﬂ*]]},%[Yuanbin Huang]: Immune checkpoint inhibitors (ICIs)
utilize monoclonal antibodies to block these checkpoints,

reversing immunosuppression and inhibiting tumor growth

‘ M5 [Yuanbin Huang]: T

‘ MY uanbin Huang]: guiding treatment selection

M5 [Yuanbin Huang]:  For low-risk patients, recommended

first-line
‘ MY uanbin Huang]: ICIs

M5 [Yuanbin Huang]: treatments include sunitinib,
pazopanib, sorafenib combined with pembrolizumab,
avelumab plus axitinib, or cabozantinib plus nivolumab. For
intermediate or high-risk patients, therapeutic options include
nivolumab plus ipilimumab, pembrolizumab plus cabozantinib,

pembrolizumab plus axitinib, or cabozantinib plus nivolumab

MY uanbin Huang]: . Current systemic treatment strategies

for advanced RCC is dominated by combination therapy

W% [Yuanbin Huang]: These advances highlight the
importance of comprehensive bibliometric and clinical trial
analyses to understand evolving research trends and guide

future therapeutic development.

M [Yuanbin Huang]: This study uses bibliometrics to
qualitatively and quantitatively assess research trends on the
PD-1/PD-L1 in RCC and integrated over 10 years of global
clinical trial data for visualization. Building on updated
existing research, this study reveals the current research status
and trends in the field, providing literature-based support and
guidance for future strategies.



Yuanbin Huang
Reviewer 1
Your comments:
Point 5
Background information on PD-1/PD-L1 in RCC is missing. Since the paper primarily focuses on this topic, it will be helpful for better understanding. Please add it.

Reply:
Thank you for your insightful comment. In response, we have expanded the background section to include a more detailed explanation of the PD-1/PD-L1 pathway specifically in the context of renal cell carcinoma (RCC). We now highlight the immunosuppressive tumor microenvironment in RCC, the mechanism by which PD-1/PD-L1 mediates T cell exhaustion and immune escape, and the clinical rationale for targeting this axis. These revisions aim to enhance the reader’s understanding of the scientific and clinical significance of this pathway in RCC.

Yuanbin Huang
Reviewer 1
Your comments:
Point 5:
Background information on PD-1/PD-L1 in RCC is missing. Since the paper primarily focuses on this topic, it will be helpful for better understanding. Please add it.

Reply:
Thank you for your insightful comment. In response, we have expanded the background section to include a more detailed explanation of the PD-1/PD-L1 pathway specifically in the context of renal cell carcinoma (RCC). We now highlight the immunosuppressive tumor microenvironment in RCC, the mechanism by which PD-1/PD-L1 mediates T cell exhaustion and immune escape, and the clinical rationale for targeting this axis. These revisions aim to enhance the reader’s understanding of the scientific and clinical significance of this pathway in RCC.

Yuanbin Huang
Reviewer 5
Your comments:
Introduction
Point 9:
Most claims are appropriately referenced, but some key statements (e.g., “ICIs utilize monoclonal antibodies…”) could benefit from citation to foundational trials or reviews (especially for non-specialist readers).
Reply:
Thank you for the suggestion. We have revised the paragraph to include appropriate citations supporting the mechanism of action and clinical relevance of immune checkpoint inhibitors (ICIs), especially those targeting PD-1/PD-L1 in RCC. We cited pivotal clinical trials and a comprehensive review to help both specialist and non-specialist readers better understand the therapeutic rationale and evidence base.

Yuanbin Huang
Reviewer 5
Your comments:
Introduction
Point 5
The transition between immunobiology, treatment modalities, and the need for bibliometric analysis could be more fluid. Example: The shift from immune checkpoint biology to treatment guidelines (lines 60–73) feels abrupt. A sentence bridging immunologic mechanisms with their translational impact on clinical decision-making would improve the flow.

Reply:
Thank you for your constructive suggestion. We agree that the transition from immunobiological mechanisms to treatment recommendations required greater clarity and coherence. In response, we have revised the relevant paragraph in the Introduction to include a bridging sentence that highlights how advances in immune checkpoint biology have been translated into clinical decision-making frameworks, particularly via risk stratification and the development of combination therapy regimens. This addition helps to improve the narrative flow and strengthens the logical connection between mechanistic understanding and evolving treatment paradigms, thereby providing a smoother transition into the rationale for bibliometric and clinical trial trend analysis.

Yuanbin Huang
Reviewer 5
Your comments:
Introduction
Point 4:
The section detailing specific treatment regimens (lines 66–73) could be shortened or moved to a results/discussion section. While relevant, listing all first-line combinations may detract from the bibliometric focus of the review. Consider summarizing these treatment options broadly to maintain the focus on the need for a trend analysis.

Reply:
Thank you for your insightful comment. We acknowledge that an extensive listing of first-line treatment regimens may divert attention from the primary objective of our review, which is to analyze bibliometric and clinical trial trends. In response, we have revised this section by providing a concise summary of the current systemic treatment strategies for advanced RCC, with an emphasis on the shift toward combination therapies. This change improves the clarity and focus of the Introduction. Detailed treatment regimens, where necessary, have been moved to the Results/Discussion section to better support the analysis without overburdening the introductory narrative.

Yuanbin Huang
Reviewer 4
Your comments:
Point 1
The author wrote that data was collected from a total of 1,597 articles, but in the article, only 36 references are mentioned, why? the author should increase the references.

Reply:
Thank you for your valuable comment. We appreciate your attention to the discrepancy between the total number of analyzed publications and the number of cited references. We would like to clarify that the bibliometric dataset comprises 1,597 articles retrieved from the WoSCC database, which served as the basis for co-citation, keyword, and collaboration network analyses. However, due to space and relevance considerations, only a subset of the most influential or representative studies—such as landmark clinical trials, highly cited reviews, and key methodological references—were cited in the manuscript. In response to your suggestion, we have now expanded the reference list to include additional high-impact studies and bibliometric sources to better reflect the analytical foundation and increase transparency.

Yuanbin Huang
Reviewer 5
Your comments:
Introduction
Point 7
The final paragraph introduces the study aims but lacks a sharply defined hypothesis or research question. Clearly articulate the novelty and value proposition of this dual bibliometric and clinical trial integration approach, perhaps in one strong thesis sentence.

Reply:
We appreciate your suggestion regarding the clarity of strategic implications. Accordingly, we have revised the sentence previously referring to “future strategies” to be more specific and actionable. The revised text now states that this framework provides “strategic guidance for setting research priorities, designing future clinical trials, developing predictive biomarkers, and formulating RCC management strategies centered on immunotherapy.” This revision ensures that the intended practical contributions of the study are more clearly communicated and aligned with the translational goals of PD-1/PD-L1 research.

Yuanbin Huang
Reviewer 5
Your comments:
Introduction
Point 6
The final paragraph introduces the study aims but lacks a sharply defined hypothesis or research question. Clearly articulate the novelty and value proposition of this dual bibliometric and clinical trial integration approach, perhaps in one strong thesis sentence.:

Reply:
Thank you for your constructive feedback. In response, we have revised the final paragraph of the Introduction to clearly articulate the study’s novelty and core research question. The updated version now emphasizes the dual-pronged approach of integrating bibliometric data and global clinical trial information (2005–2024) to evaluate the development trajectory of PD-1/PD-L1 research in RCC. We explicitly highlight the value proposition of this integrative framework—namely, its capacity to bridge the academic and clinical landscapes, uncover patterns of translational progress, and guide strategic decisions in research prioritization, clinical trial design, biomarker development, and RCC management. This revised framing more clearly conveys the innovation and significance of our study.

Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 11
The section could benefit from slight polishing (e.g., “Use GraphPad Prism” → “We used GraphPad Prism”).

Reply:
Thank you for pointing this out. We have revised the relevant sentences in the Methods section to improve clarity and consistency in writing style. These modifications enhance the readability and academic tone of the manuscript.

Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 6
While the search formula is provided (lines 81–84), it lacks details such as search field limitations (e.g., were title/abstracts used or full-text indexing?), Boolean logic clarity—“TS” implies a topic search but should be defined for unfamiliar readers, database version/date of access—only a vague “completed in December 2024” is noted (line 88). It is suggested to include full search strings as supplementary material and clarify inclusion/exclusion steps with exact filters (e.g., language, document type).

Reply:
Thank you for pointing out this important issue. We have revised the Methods section to clearly define the "TS" (Topic Search) field in Web of Science, specify the database access date, and describe the exact inclusion and exclusion criteria, including language and document type filters. In addition, we have provided the complete search string as supplementary material to ensure reproducibility and transparency.
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We conducted a comprehensive literature search in the Web of Science Core Collection

(WoSCC) on December 30, 2024. The search was limited to English-language publications between
January 1, 2005 and December 30, 2024. The search formula was:

2.2 Study Selection and Data Extraction,

A total of 1.597 publications met the inclusion

criteria’A flow diagram (Figure 1) was used to depict the detailed selection process and ensure

methodological transparency and reproducibility.,

2.3 Bibliometric Tools and Parameters

| MBR[Yuanbin Huang]:

M5 [Yuanbin Huang]: Data were obtained from the Web
of Science Core Collection (WoSCC) database. Data were
obtained from the search formula: TS = (renal cell
carcinoma OR renal carcinoma OR renal cancer OR
kidney cell carcinoma OR kidney cancer OR RCC) AND
(PD-1 OR PD1 OR programmed death 1 OR programmed
cell death 1) AND (PD-L1 OR PDL1 OR programmed
death-ligand 1 OR programmed cell death-ligand 1). We
limited the time span to 2005-2024 and screened the full
text of publications with information about PD-1/PD-L1
related to RCC and limited them to be written in English.
Conference abstracts, news and briefs were excluded.
Eventually 1597 articles were included in this study. Data
collection was completed in December 2024, and the study
flow chart is shown in Figure 1. Clinical trials were
identified via keyword searches on ClinicalTrials.gov,
covering the period from 2011 to 2024. Data on global
clinical trials of PD-1/PD-L1 treatment for RCC were
collected, including patient demographics, trial status,

duration, results, and sponsorship.

‘ W[ Yuanbin Huang]: Data processing and analysis

M5 [Yuanbin Huang]: To ensure the reliability of the study,
two authors independently selected the literature and extracted
the data. Any problems that arose were resolved through
discussion and negotiation. The complete content of each
paper was obtained from the WoSCC database, including title,
year of publication, author, country, affiliation, journal,
keywords and abstract. Use Graphpad prism to analyze and
graph annual papers, national publication trends and rates.
Extract and visualize information on authors, co-cited authors,
countries, affiliations, journals, co-cited journals, and co-cited
references using VOSviewer 1.6.18 (16). We build
collaborative networks of authors, countries, and institutions.
CiteSpace 6.2.R4 can extract keywords and references from
highly cited outbreaks of publications and construct journal
biplot overlays, which can be used to investigate research

trends on a given topic (17).



Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 6
While the search formula is provided (lines 81–84), it lacks details such as search field limitations (e.g., were title/abstracts used or full-text indexing?), Boolean logic clarity—“TS” implies a topic search but should be defined for unfamiliar readers, database version/date of access—only a vague “completed in December 2024” is noted (line 88). It is suggested to include full search strings as supplementary material and clarify inclusion/exclusion steps with exact filters (e.g., language, document type).

Reply:
Thank you for pointing out this important issue. We have revised the Methods section to clearly define the "TS" (Topic Search) field in Web of Science, specify the database access date, and describe the exact inclusion and exclusion criteria, including language and document type filters. In addition, we have provided the complete search string as supplementary material to ensure reproducibility and transparency.

Yuanbin Huang
Reviewer 2
Your comments:
Point 2
The search strategy for clinical trials (ClinicalTrials.gov) is inadequately detailed. The authors must explicitly provide search terms and inclusion/exclusion criteria and define whether only interventional trials with published results were included. Current reporting limits reproducibility.

Reply：
Thank you for your helpful comment. We have now revised the section on clinical trial retrieval to include the full search string, specific filters applied, and detailed inclusion and exclusion criteria. We also clarified that both interventional and observational trials were included, but only those with accessible results were retained for analysis. These revisions enhance the transparency and reproducibility of our methods, as recommended.

Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 7
The text mentions screening of full texts (line 85) but does not clarify who performed the screening, whether inter-rater reliability was assessed, criteria for inclusion/exclusion beyond conference abstracts and non-English texts. Detail the screening process (e.g., PRISMA-style flow diagram, eligibility criteria) to ensure methodological rigor and reproducibility.

Reply:
Thank you for your insightful comment. We have now clarified the roles of the reviewers involved in both abstract and full-text screening. The inclusion and exclusion criteria have been explicitly stated to provide greater transparency. We have also reported the inter-rater reliability using Cohen’s kappa statistic (κ = 0.84), indicating strong agreement. In addition, a flow diagram (Figure 1) has been included to illustrate the study selection process and enhance methodological rigor.

Yuanbin Huang
Reviewer 2
Your comments:
Point 11
In the Methods, the paper claims two authors independently screened articles, but provides no inter-rater reliability metrics (e.g., Cohen’s kappa). This weakens the reproducibility of article selection and data extraction.

Reply：
Thank you for pointing out the need for inter-rater reliability metrics. We have revised the Methods section to include the Cohen’s kappa coefficient (κ = 0.84) to quantify the agreement between the two reviewers during the full-text screening process. This value indicates strong inter-rater reliability and enhances the reproducibility and transparency of our study selection procedure.

Yuanbin Huang
Reviewer 2
Your comments:
Point 2
The search strategy for clinical trials (ClinicalTrials.gov) is inadequately detailed. The authors must explicitly provide search terms and inclusion/exclusion criteria and define whether only interventional trials with published results were included. Current reporting limits reproducibility.

Reply：
Thank you for your helpful comment. We have now revised the section on clinical trial retrieval to include the full search string, specific filters applied, and detailed inclusion and exclusion criteria. We also clarified that both interventional and observational trials were included, but only those with accessible results were retained for analysis. These revisions enhance the transparency and reproducibility of our methods, as recommended

Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 12
Line 88 refers to “Figure 1” as a flowchart, but it is not described or presented in detail. Ensure the flow diagram is clear and informative.

Reply:
Thank you for your helpful comment. In response, we have revised the description of Figure 1 to include a more detailed and informative explanation of each step in the literature selection process, including initial retrieval numbers, duplicate removal, and specific exclusion criteria. This revision ensures that the flow diagram is clear, transparent, and easily reproducible.

Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 6
While the search formula is provided (lines 81–84), it lacks details such as search field limitations (e.g., were title/abstracts used or full-text indexing?), Boolean logic clarity—“TS” implies a topic search but should be defined for unfamiliar readers, database version/date of access—only a vague “completed in December 2024” is noted (line 88). It is suggested to include full search strings as supplementary material and clarify inclusion/exclusion steps with exact filters (e.g., language, document type).

Reply:
Thank you for pointing out this important issue. We have revised the Methods section to clearly define the "TS" (Topic Search) field in Web of Science, specify the database access date, and describe the exact inclusion and exclusion criteria, including language and document type filters. In addition, we have provided the complete search string as supplementary material to ensure reproducibility and transparency.

Yuanbin Huang
Reviewer 2
Your comments:
Point 2
The search strategy for clinical trials (ClinicalTrials.gov) is inadequately detailed. The authors must explicitly provide search terms and inclusion/exclusion criteria and define whether only interventional trials with published results were included. Current reporting limits reproducibility.

Reply：
Thank you for your helpful comment. We have now revised the section on clinical trial retrieval to include the full search string, specific filters applied, and detailed inclusion and exclusion criteria. We also clarified that both interventional and observational trials were included, but only those with accessible results were retained for analysis. These revisions enhance the transparency and reproducibility of our methods, as recommended.

Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 9
The authors state that two reviewers independently extracted data and resolved discrepancies through “discussion and negotiation” (line 93), but no mention of inter-rater agreement or use of a third reviewer is made, there’s no mention of tools or coding schema for qualitative elements (e.g., keyword grouping, clustering logic). Add details on quality control, agreement measures (e.g., kappa statistics), and how visualization parameters were set (e.g., threshold settings in VOSviewer/CiteSpace).

Reply:
We appreciate your suggestion. In the revised manuscript, we have added a description of the quality control process. All data extraction and bibliometric coding were performed independently by two authors, and disagreements were resolved by consensus. Inter-rater reliability was assessed using Cohen’s kappa statistic (κ = 0.85–0.88), which indicates a high level of agreement. We also specified the threshold parameters and methods used in both CiteSpace and VOSviewer to ensure reproducibility.

Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 10
The software tools are listed (GraphPad Prism, CiteSpace, VOSviewer), but their version numbers, sources, or operating environments are not mentioned. Include software versions and provide access links in supplementary information for reproducibility.

Reply:
Thank you for your valuable suggestion. We agree that providing detailed information about the software tools used in our analysis enhances the transparency and reproducibility of our study. In response, we have updated the Methods section to include the specific version numbers of all software tools: GraphPad Prism (v8.0.2), VOSviewer (v1.6.18), and CiteSpace (v6.2.R4). 
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In VOSviewer, fractional counting was applied. The following thresholds were used: keywords

(>13 co-occurrences), authors (>3 publications). countries (>3 documents), and references (>20

citations). Co-authorship, co-citation, and keyword clustering networks were generated and manually

validated for interpretability (27).

In CiteSpace, time slicing was set from 2005 to 2024. with one-year intervals. Term sources

included title, abstract, and author keywords. Node types were set to keyword, reference, author, and

journal. Pathfinder and merged network pruning methods were applied. Citation bursts were detected
using Kleinberg’s algorithm with a minimum burst duration of 2 years and a burst strength threshold
of 3.5 (28).

All visualizations were cross-validated by two authors independently. Inter-rater agreement was

assessed using Cohen’s kappa coefficient (k= 0.85). Disagreements were resolved through

discussion. No third reviewer was needed due to high agreement.

2.4 Clinical Trial Retrieval

3. Results

3.1 Analysis of annual publication trends
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with an average of 80 publications per year, comprising



Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 9
The authors state that two reviewers independently extracted data and resolved discrepancies through “discussion and negotiation” (line 93), but no mention of inter-rater agreement or use of a third reviewer is made, there’s no mention of tools or coding schema for qualitative elements (e.g., keyword grouping, clustering logic). Add details on quality control, agreement measures (e.g., kappa statistics), and how visualization parameters were set (e.g., threshold settings in VOSviewer/CiteSpace).

Reply:
We appreciate your suggestion. In the revised manuscript, we have added a description of the quality control process. All data extraction and bibliometric coding were performed independently by two authors, and disagreements were resolved by consensus. Inter-rater reliability was assessed using Cohen’s kappa statistic (κ = 0.85–0.88), which indicates a high level of agreement. We also specified the threshold parameters and methods used in both CiteSpace and VOSviewer to ensure reproducibility.

Yuanbin Huang
Reviewer 5
Your comments:
Methods
Point 8
While the scope (e.g., demographics, outcomes, sponsorship) is mentioned, the search strategy, keywords, or filters for clinical trials (line 89) are not presented in enough detail. Specify exact keywords used, filters applied (e.g., study phase, status), and how interventional vs. observational studies were categorized.

Reply:
Thank you for your valuable comment. We have now explicitly detailed the search strategy used to retrieve clinical trials from ClinicalTrials.gov, including the exact search terms and filters applied (e.g., study status, type, and age group). We have also clarified how interventional and observational trials were categorized.

Yuanbin Huang
Reviewer 2
Your comments:
Point 14
Confounding factors such as funding bias (biopharma-sponsored trials reporting more positive results) are presented descriptively but not statistically tested. A chi-square or regression analysis could strengthen conclusions about sponsor impact on outcomes.

Reply：
Thank you for raising this important point. We agree that funding source may influence trial outcomes and appreciate the suggestion to include statistical testing. In our current study, we descriptively reported differences by sponsor type (e.g., biopharma vs. academic), but did not perform inferential statistics such as chi-square or regression analysis due to limited data granularity and heterogeneous outcome reporting across trials. We have now acknowledged this limitation in the revised manuscript and suggested that future studies with more standardized outcome data could support more rigorous testing of sponsor-related biases.

Yuanbin Huang
Reviewer 2
Your comments:
Point 2
The search strategy for clinical trials (ClinicalTrials.gov) is inadequately detailed. The authors must explicitly provide search terms and inclusion/exclusion criteria and define whether only interventional trials with published results were included. Current reporting limits reproducibility.

Reply：
Thank you for your helpful comment. We have now  Thank you for your helpful comment. We have now revised the section on clinical trial retrieval to include the full search string, specific filters applied, and detailed inclusion and exclusion criteria. We also clarified that both interventional and observational trials were included, but only those with accessible results were retained for analysis. These revisions enhance the transparency and reproducibility of our methods, as recommended

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 10
Several grammatical inconsistencies and awkward phrases (e.g., "we build collaborative networks..." → "we built") should be polished.

Reply:
Thank you for pointing this out. We have revised the relevant sentences in the Results section to improve clarity and consistency in writing style. These modifications enhance the readability and academic tone of the manuscript.

Yuanbin Huang
Reviewer 2
Your comments:
Point 12
The temporal trend in publications (Figure 2A) shows a peak in 2021, but no biological or global context (e.g., COVID-19 impact, major drug approvals) is provided to explain this trend scientifically. This weakens the causal interpretation.

Reply：
Thank you for your helpful comment. In response, we have revised the Results section to include a contextual explanation for the peak in publications observed in 2021. Specifically, we highlight the timeline of PD-1/PD-L1 drug approvals—such as the FDA approval of nivolumab for RCC in 2015—as a major catalyst for the surge. We also note the global expansion of immunotherapy research, increased clinical trial activity, and the temporary acceleration of biomedical research funding in the early phase of the COVID-19 pandemic. Furthermore, the subsequent decline in output in some countries is discussed in the context of pandemic-related research disruptions. These additions enhance the interpretability of the observed trend.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 6
The section lacks statistical measures of significance or correlation (e.g., trends over time, collaboration indices, burst detection statistics). Where possible, include correlation coefficients or growth rates, particularly for longitudinal trends.

Reply:
Thank you for your valuable suggestion. We fully agree with the importance of statistical testing and quantitative modeling in trend analysis. However, the goal of this section is to provide a descriptive overview of publication dynamics rather than conducting formal statistical inference. Given that our bibliometric framework focuses primarily on macro-level visualization and pattern recognition, we have not included relevant correlations or time series modeling in this section. We will incorporate inferential statistical methods in future studies to further explore temporal evolution and collaboration network structures.
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3.2 Analysis of countries and institutions

International collaboration networks revealed that the United States formed strong cooperative

ties, with the United Kingdom, Germany, Italy, and Canada,,

In contrast, China’s collaborations were
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Yuanbin Huang
Reviewer 2
Your comments:
Point 12
The temporal trend in publications (Figure 2A) shows a peak in 2021, but no biological or global context (e.g., COVID-19 impact, major drug approvals) is provided to explain this trend scientifically. This weakens the causal interpretation.

Reply：
Thank you for your helpful comment. In response, we have revised the Results section to include a contextual explanation for the peak in publications observed in 2021. Specifically, we highlight the timeline of PD-1/PD-L1 drug approvals—such as the FDA approval of nivolumab for RCC in 2015—as a major catalyst for the surge. We also note the global expansion of immunotherapy research, increased clinical trial activity, and the temporary acceleration of biomedical research funding in the early phase of the COVID-19 pandemic. Furthermore, the subsequent decline in output in some countries is discussed in the context of pandemic-related research disruptions. These additions enhance the interpretability of the observed trend.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 6
The section lacks statistical measures of significance or correlation (e.g., trends over time, collaboration indices, burst detection statistics). Where possible, include correlation coefficients or growth rates, particularly for longitudinal trends.

Reply:
Thank you for your valuable suggestion. We fully agree with the importance of statistical testing and quantitative modeling in trend analysis. However, the goal of this section is to provide a descriptive overview of publication dynamics rather than conducting formal statistical inference. Given that our bibliometric framework focuses primarily on macro-level visualization and pattern recognition, we have not included relevant correlations or time series modeling in this section. We will incorporate inferential statistical methods in future studies to further explore temporal evolution and collaboration network structures.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 8
References to figures (e.g., Figure 2A, 3C, 5B) are present but not always accompanied by adequate interpretation or contextualization. Summarize the key takeaway from each figure inline to guide the reader.

Reply:
Thank you for your valuable suggestion. We agree that figure references in the original text lacked sufficient contextualization. In the revised manuscript, we have explicitly summarized the key findings from Figure 2A to help readers better interpret the visual data. These revisions provide not only numerical trends but also highlight the structural and thematic implications of national research output, author collaboration, and keyword evolution. We believe these changes enhance the readability and interpretive depth of the manuscript.

Yuanbin Huang
Reviewer 1
Your comments:
Point 6:
Section 3.1 would benefit from a more detailed quantitative analysis. Providing the percentage increase in the annual publication proportion between the US and China would significantly strengthen the results and improve the reader's interpretation of the data.

Reply：
Thank you for your insightful suggestion. In response, we have revised Section 3.1 to include a more detailed quantitative analysis of national publication trends. Specifically, we now provide the annual publication proportions for  China, along with absolute counts and percentage increases. This additional data highlights the dramatic rise of China’s research output and contextualizes it against the more stable trend observed in the United States. These revisions aim to enhance the interpretability and analytical depth of the results.

Yuanbin Huang
Reviewer 1
Your comments:
Point 7:
Under Results Section 3.2, the reference Figure number is wrong. It’s 2C and not 1C. Please correct it.

Reply:
Thank you for your valuable feedback. We have corrected the figure reference number from "1C" to "2C" as per your suggestion. 

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 5
Many statements simply restate numerical trends or figure contents without offering interpretation or discussing their implications. Example: “The United States ranked first... followed by China” — this is factual, but what does it imply for scientific leadership, collaboration, or research priorities? Emphasize insights, such as why citation-per-paper differs between countries, or how funding structures affect output quality.

Reply:
We appreciate the reviewer’s insightful comment regarding the need for deeper interpretation of numerical findings. In the revised manuscript, we have expanded the corresponding section to move beyond descriptive reporting. Specifically, we now interpret the United States’ leading position in terms of its well-established research infrastructure, consistent governmental funding, and strong global academic presence. In contrast, we contextualize China’s rapid rise in publication volume as a reflection of its recent strategic investments in biomedical research and innovation.

Yuanbin Huang
Reviewer 2
Your comments:
Point 13
The manuscript overuses institutional publication counts as a surrogate for impact. However, high output may not correlate with high-quality or practice-changing research. Consider introducing the H-index or weighted impact factors to assess institutional influence better.

Reply:
Thank you for your valuable comment. We agree that publication volume alone may not fully represent institutional impact and acknowledge the limitations of using raw output metrics. In our current analysis, we have attempted to mitigate this bias by incorporating normalized indicators such as citations per publication, which better reflect quality-adjusted influence. While we recognize that additional bibliometric measures such as the H-index or field-weighted metrics could further enhance this analysis, we opted to maintain consistency with previous bibliometric studies in this domain. We have added a brief statement in the manuscript to acknowledge this limitation and suggest future studies may benefit from a broader set of evaluative indicators.

Yuanbin Huang
Reviewer 2
Your comments:
Point 3:
The authors rely heavily on citation counts as a measure of scientific impact. This approach ignores time bias (older studies accumulate more citations) and may skew the interpretation of emerging impactful studies. Consider normalizing citations or using other impact metrics.

Reply:
Thank you for pointing out this important limitation. To address your concern, we have revised the manuscript to include normalized citation metrics. Specifically, we added citations per publication to reduce time-related bias. These changes provide a more balanced assessment of the academic influence across countries and institutions.

Yuanbin Huang
Reviewer 1
Your comments:
Point 8:
Please check line 116 on page 8. The US ranks number 1, and China ranks number 2 in total citations.

Reply:
Thank you for your valuable comments. In response to your suggestion, we have corrected the information on line 116 to confirm that the United States ranks first in total citations and China ranks second. We have updated the manuscript accordingly to reflect these accurate rankings.
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Yuanbin Huang
Reviewer 2
Your comments:
Point 13
The manuscript overuses institutional publication counts as a surrogate for impact. However, high output may not correlate with high-quality or practice-changing research. Consider introducing the H-index or weighted impact factors to assess institutional influence better.

Reply:
Thank you for your valuable comment. We agree that publication volume alone may not fully represent institutional impact and acknowledge the limitations of using raw output metrics. In our current analysis, we have attempted to mitigate this bias by incorporating normalized indicators such as citations per publication, which better reflect quality-adjusted influence. While we recognize that additional bibliometric measures such as the H-index or field-weighted metrics could further enhance this analysis, we opted to maintain consistency with previous bibliometric studies in this domain. We have added a brief statement in the manuscript to acknowledge this limitation and suggest future studies may benefit from a broader set of evaluative indicators.

Yuanbin Huang
Reviewer 2
Your comments:
Point 17
The dual-map overlay of journals (Figure 3B) is insufficiently analyzed. The authors should interpret how knowledge flows from basic science to clinical research and whether this reflects robust translational research or silos within the field.

Reply:
Thank you for your constructive suggestion. In the revised manuscript, we have provided a more detailed interpretation of the dual-map overlay. Specifically, we analyzed two major citation paths: from “Molecular, Biology, Genetics” to “Health, Nursing, Medicine” and from “Medicine, Medical, Clinical” to “Molecular, Biology, Genetics.” These paths suggest a strong but largely unidirectional flow from basic to clinical research. The limited reverse flow implies that translational research remains asymmetric and that disciplinary silos may still exist. We believe this expanded analysis clarifies the current state of knowledge integration and highlights areas for future improvement.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 8
References to figures (e.g., Figure 2A, 3C, 5B) are present but not always accompanied by adequate interpretation or contextualization. Summarize the key takeaway from each figure inline to guide the reader.

Reply:
Thank you for your valuable suggestion. We agree that figure references in the original text lacked sufficient contextualization. In the revised manuscript, we have explicitly summarized the key findings from Figure 3C to help readers better interpret the visual data. These revisions provide not only numerical trends but also highlight the structural and thematic implications of national research output, author collaboration, and keyword evolution. We believe these changes enhance the readability and interpretive depth of the manuscript.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 7
There is occasional redundancy in describing co-authorship and citation trends. Example: The repetition of Choueiri TK and Motzer RJ as key contributors occurs across multiple subsections. Consolidate this point into a single subsection and cross-reference.

Reply:
Thank you for your thoughtful suggestion. We agree that some of the original statements primarily presented numerical summaries without further interpretation. In response, we have revised the paragraph to move beyond descriptive reporting and highlight the structural implications of author productivity and collaboration networks. Specifically, we now discuss how co-citation patterns reflect academic influence, how collaboration clusters relate to institutional or regional research ecosystems, and how these patterns may be shaped by funding structures or specialization. We believe these revisions provide a more insightful analysis of the scientific landscape.
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3.4 Analysis of references

Jhe co-citation network constructed using CiteSpace contains 1160 nodes and 5825 links,

indicating high interconnection among the core literature in the field. The top 10 most co-cited

articles (Supplementary Table 6) each received over 100 citations, with 7 of them published in the

New England Journal of Medicine, 5 of which were led by Motzer RJ (20, 21, 29-31), highlighting

his pivotal role in the clinical and foundational research of RCC immunotherapy.

In recent vyears, burst literature has increasingly focused on predictive

" W[ Yuanbin Huang]: . Choueiri TK led with 56 papers,

followed by McDermott DF (n = 44) and Motzer RJ (n = 31).
Figure 3C displays the largest nodes, representing authors with
the most citations: Motzer RJ (n = 951) and Choueiri TK (n =
554). Eighty authors received over 50 citations each, refle: (-
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M5 [ Yuanbin Huang]: We analyzed co-citation literature and

constructed a network using CiteSpace, comprising 1160
nodes and 5825 links, with most journals exhibiting high link
strength and correlation. The 10 most-cited articles each

received over 100 citations (Figure 4A and Supplementar: (-


Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 8
References to figures (e.g., Figure 2A, 3C, 5B) are present but not always accompanied by adequate interpretation or contextualization. Summarize the key takeaway from each figure inline to guide the reader.

Reply:
Thank you for your valuable suggestion. We agree that figure references in the original text lacked sufficient contextualization. In the revised manuscript, we have explicitly summarized the key findings from Figure 3C to help readers better interpret the visual data. These revisions provide not only numerical trends but also highlight the structural and thematic implications of national research output, author collaboration, and keyword evolution. We believe these changes enhance the readability and interpretive depth of the manuscript.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 7
There is occasional redundancy in describing co-authorship and citation trends. Example: The repetition of Choueiri TK and Motzer RJ as key contributors occurs across multiple subsections. Consolidate this point into a single subsection and cross-reference.

Reply:
Thank you for your thoughtful suggestion. We agree that some of the original statements primarily presented numerical summaries without further interpretation. In response, we have revised the paragraph to move beyond descriptive reporting and highlight the structural implications of author productivity and collaboration networks. Specifically, we now discuss how co-citation patterns reflect academic influence, how collaboration clusters relate to institutional or regional research ecosystems, and how these patterns may be shaped by funding structures or specialization. We believe these revisions provide a more insightful analysis of the scientific landscape.

Yuanbin Huang
Reviewer 1
Your comments:
Point 12:
Result section 3.4 is missing a couple of citations in the last 2 sentences of the first paragraph.

Reply:
Thank you for your valuable feedback. We have added the missing citations in the last two sentences of the first paragraph of Section 3.4, referencing relevant studies to properly support the discussion. The citations now ensure that the content is properly backed by the literature.

Yuanbin Huang
Reviewer 1
Your comments:
Point 13:
In Section 3.4, second paragraph, the term 'burst intensity' requires further definition and clarification. Please provide a more precise description of this metric and its relevance to the presented data.

Reply:
Thank you for your suggestion to clarify the term "burst intensity." We have revised the manuscript to provide a more precise definition and explanation of this metric. We have now described "burst intensity" as the rate and magnitude of a paper's citation frequency surge within a specific time window, and its relevance to identifying pivotal studies that have had a significant impact on the evolution of research in this field. This revision should provide greater clarity to the reader.
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biomarkers, tumor immune microenvironment, and whole-exome sequencing, reflecting the growing

focus on precision oncology. Figure 4D illustrates the co-citation frequency of representative gene

mutations and immune markers related to RCC immunotherapy, visualizing current research hotspots

and emerging trends.

3.5 Keywords analysis

By analyzing the keywords, we can quickly understand the situation and development direction

of a field. The most common keywords include “immunotherapy” (n = 553). “nivolumab” (n = 404

“cancer” (n = 376), “expression” (n = 268) and “survival” (n = 224) (Table 2). We constructed a

network of 189 keywords, each occurring at least 13 times, after removing non-informative terms,
resulting in five distinct clusters (Figure 5A). To filter non-informative terms, we employed a

systematic methodology that involved the removal of common stopwords, such as "and," "the," "of."

and other frequently occurring but contextually irrelevant terms. Additionally, terms that appeared

excessively without contributing specific meaning to the research focus, such as general technical

terms or overly broad concepts, were also excluded. The remaining terms were carefully selected

based on their frequency of occurrence (at least 13 times), ensuring that only keywords highl

relevant to the research themes were retained.
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W[ Yuanbin Huang]: research, identifying the emergence

and decline of research topics over time (Figure SB and 5C)


Yuanbin Huang
Reviewer 1
Your comments:
Point 14:
Section 3.5 requires further clarification regarding the strategy employed to remove non-informative terms. Please elaborate on the specific methodology and criteria used for this filtering process.

Reply:
Thank you for your valuable feedback. We have added a detailed explanation of the methodology used to remove non-informative terms. Specifically, we clarified the process of filtering common stopwords, overly broad concepts, and terms that appear frequently without adding value to the research focus. This revision should provide a clearer understanding of the data processing strategy.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 8
References to figures (e.g., Figure 2A, 3C, 5B) are present but not always accompanied by adequate interpretation or contextualization. Summarize the key takeaway from each figure inline to guide the reader.

Reply:
Thank you for your valuable suggestion. We agree that figure references in the original text lacked sufficient contextualization. In the revised manuscript, we have explicitly summarized the key findings from Figure 5B to help readers better interpret the visual data. These revisions provide not only numerical trends but also highlight the structural and thematic implications of national research output, author collaboration, and keyword evolution. We believe these changes enhance the readability and interpretive depth of the manuscript.

Yuanbin Huang
Reviewer 2
Your comments:
Point 9
The keyword burst analysis (Figure 5D) lacks methodological explanation. How were “bursts” defined statistically? What threshold or algorithm was used in CiteSpace? This must be clarified to assess validity.

Reply：
Thank you for your insightful comment. We appreciate your suggestion to clarify the methodological basis of the keyword burst analysis. We have now added a description of the burst detection algorithm used in CiteSpace, which is based on Kleinberg’s burst detection model. The analysis was conducted using CiteSpace version 6.2.R4 with default parameters. These additions help better explain how citation bursts were statistically defined and identified in our study.

Yuanbin Huang
Reviewer 1
Your comments:
Point 15:
To ensure the reproducibility and validity of the findings, the authors must provide a comprehensive description of the CiteSpace methodology used to map keyword cluster evolution. This should include detailed information on the software's parameters, algorithms, and data processing steps. Without this level of detail, the reader cannot adequately assess the reliability of the presented visualizations and conclusions.

Reply:
Thank you for your insightful feedback. We have provided a comprehensive description of the CiteSpace methodology, including detailed information on the software's parameters, algorithms, and data processing steps. This level of detail ensures the reproducibility and validity of our findings and allows readers to assess the reliability of the visualizations and conclusions.
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We analyzed data from 258 global clinical trials investigating PD-1 and PD-L1 therapies for *

RCC, Since 2015, research in this field has grown rapidly (Supplementary Figure 1A). The majority

\
of studies were interventional (n = 241, 93%), while observational studies accounted for only 7% (n

= 17). Among interventional trials, those targeting PD-1 (n = 157) outnumbered those focusing on

PD-L1 (n = 84). Similarl

observational studies included 10 PD-1 trials and 7 PD-L1 trials (Figure

6A and 6B).

Most participants were adults or elderly (n = 251, 97%), with only 3% of trials involving

pediatric populations. Gender information was frequently unspecified (Supplementary Figure 1B and

1C). Across multiple dimensions, PD-1—focused studies were consistently more prevalent than PD-

L1-focused ones.

In terms of trial status, 137 studies were ongoing, including 45 PD-1 and 92 PD-L1 trials.
Additionally, 51 trials were completed (PD-1: n=17: PD-L1: n = 34). and 38 were terminated (PD-1:

n=19: PD-L1: n=19) (Figure 6C). The majority of trials were early-phase studies, including Phase |
(n = 80), Phase I/II (n=59), and Phase II (n = 75), with relatively few advancing to Phase III (n = 24)
Figure 6D).
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Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 8
References to figures (e.g., Figure 2A, 3C, 5B) are present but not always accompanied by adequate interpretation or contextualization. Summarize the key takeaway from each figure inline to guide the reader.

Reply:
Thank you for your valuable suggestion. We agree that figure references in the original text lacked sufficient contextualization. In the revised manuscript, we have explicitly summarized the key findings from Figure 5B to help readers better interpret the visual data. These revisions provide not only numerical trends but also highlight the structural and thematic implications of national research output, author collaboration, and keyword evolution. We believe these changes enhance the readability and interpretive depth of the manuscript.

Yuanbin Huang
Reviewer 2
Your comments:
Point 9
The keyword burst analysis (Figure 5D) lacks methodological explanation. How were “bursts” defined statistically? What threshold or algorithm was used in CiteSpace? This must be clarified to assess validity.

Reply：
Thank you for your insightful comment. We appreciate your suggestion to clarify the methodological basis of the keyword burst analysis. We have now added a description of the burst detection algorithm used in CiteSpace, which is based on Kleinberg’s burst detection model. The analysis was conducted using CiteSpace version 6.2.R4 with default parameters. These additions help better explain how citation bursts were statistically defined and identified in our study.

Yuanbin Huang
Reviewer 1
Your comments:
Point 15:
To ensure the reproducibility and validity of the findings, the authors must provide a comprehensive description of the CiteSpace methodology used to map keyword cluster evolution. This should include detailed information on the software's parameters, algorithms, and data processing steps. Without this level of detail, the reader cannot adequately assess the reliability of the presented visualizations and conclusions.

Reply:
Thank you for your insightful feedback. We have provided a comprehensive description of the CiteSpace methodology, including detailed information on the software's parameters, algorithms, and data processing steps. This level of detail ensures the reproducibility and validity of our findings and allows readers to assess the reliability of the visualizations and conclusions.

Yuanbin Huang
Reviewer 1
Your comments:
Point 16:
In Section 3.6 of the Results, discrepancies were observed between the numerical values presented in the text and those depicted in the corresponding figure. Please review and rectify these inconsistencies to ensure accuracy and clarity

Reply:
Thank you for your careful review. We have thoroughly reviewed Section 3.6 and corrected the discrepancies between the numerical values in the text and the corresponding figure. The updated version now ensures that all values are consistent and accurately reflected. We appreciate your attention to detail, and we believe these corrections enhance the clarity and precision of the manuscript.

Yuanbin Huang
Reviewer 2
Your comments:
Point 15
The clinical trial phase distribution (Figure 6D) suggests that most studies are early-phase. The authors should critically discuss the translational gap—why are so few phase 3/4 trials present despite the field's maturity?

Reply：
Thank you for this insightful suggestion. We agree that the predominance of early-phase trials indicates a significant translational gap in the development pipeline of PD-1/PD-L1 therapies for RCC. We have added a dedicated discussion on this issue in the revised manuscript. Specifically, we elaborate on potential contributing factors, including high development costs, regulatory complexity, recruitment challenges, and inadequate long-term follow-up systems. These barriers may hinder progression into late-stage confirmatory trials, despite the maturity and clinical relevance of the field. We hope this addition enhances the contextual depth of our analysis.
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In terms of sponsorship, biopharmaceutical companies were the dominant contributors,

sponsoring 122 trials (47%) and accounting for 32 “YES” outcomes (26%). Cancer research

institutes (n = 30, 12%. “YES”: n = 7. 23%) and academic institutions (n = 22. 9%. “YES”:n =6,

27%) also played significant roles. In China, biopharmaceutical companies led trial activity (n = 17,

6.59%) and were responsible for all reported “YES” results (n = 3. 5.66%) (Supplementary Tables 7

and 8).



Yuanbin Huang
Reviewer 2
Your comments:
Point 15
The clinical trial phase distribution (Figure 6D) suggests that most studies are early-phase. The authors should critically discuss the translational gap—why are so few phase 3/4 trials present despite the field's maturity?

Reply：
Thank you for this insightful suggestion. We agree that the predominance of early-phase trials indicates a significant translational gap in the development pipeline of PD-1/PD-L1 therapies for RCC. We have added a dedicated discussion on this issue in the revised manuscript. Specifically, we elaborate on potential contributing factors, including high development costs, regulatory complexity, recruitment challenges, and inadequate long-term follow-up systems. These barriers may hinder progression into late-stage confirmatory trials, despite the maturity and clinical relevance of the field. We hope this addition enhances the contextual depth of our analysis.

Yuanbin Huang
Reviewer 1
Your comments:
Point 17:
In Section 3.6 of the Results, discrepancies were observed between the numerical values presented in the text and those depicted in the corresponding figure. Please review and rectify these inconsistencies to ensure accuracy and clarity

Reply:
Thank you for your helpful feedback. In response, we have revised the visual layout of Figure 7 to improve interpretability and have clarified the accompanying text. Specifically, we now explicitly state whether the data reflect PD-1 and PD-L1 studies combined or independently. Additional clarifications have been added to highlight trial duration patterns, national differences, and their potential implications for study design and outcome reporting. We believe these revisions improve both the coherence and the precision of the analysis.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 11
For clinical trials, specify what qualifies as a “YES” result—was this investigator-declared, endpoint-achieved, or publication-based?

Reply:
Thank you for your insightful comment. We have clarified the criteria used to define a “YES” result. Specifically, a “YES” trial was defined as one that met its primary endpoint based on pre-specified criteria and had efficacy data reported in peer-reviewed publications or publicly accessible trial databases. We have revised the corresponding sentence accordingly.

Yuanbin Huang
Reviewer 2
Your comments:
Point 5
The term "YES results" in clinical trial analysis is scientifically vague. The authors must clearly define what constitutes a "YES"—was it a trial success based on meeting primary endpoints (OS, PFS), publication of results, or trial completion? The current definition is ambiguous.

Reply
Thank you for your insightful comment. We have clarified the criteria used to define a “YES” result. Specifically, a “YES” trial was defined as one that met its primary endpoint based on pre-specified criteria and had efficacy data reported in peer-reviewed publications or publicly accessible trial databases. We have revised the corresponding sentence accordingly.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 9
The trial data are rich, but the insights remain surface-level. For example, “most studies lasted 2–5 years” is descriptive. But why is that the case? What does that imply for trial design or patient outcomes? Similarly, the higher “YES” rate in Singapore is interesting but deserves more speculation or context.

Reply:
Thank you very much for your thoughtful comments. We agree that the previous version lacked adequate interpretation of several key patterns. In the revised manuscript, we have provided a more detailed discussion of the typical 2–5 year study duration, suggesting it may reflect regulatory timelines and practical constraints of immunotherapy trials. We also explored the implications of shorter versus longer durations for outcome reporting and trial robustness. Additionally, we elaborated on the notably high “YES” rate in Singapore, hypothesizing that centralized ethics, academic trial oversight, and the dominance of well-structured industry-sponsored studies may contribute to this observation. These revisions aim to move beyond descriptive reporting and offer more contextual insights.

Yuanbin Huang
Reviewer 5
Your comments:
Results
Point 9
The trial data are rich, but the insights remain surface-level. For example, “most studies lasted 2–5 years” is descriptive. But why is that the case? What does that imply for trial design or patient outcomes? Similarly, the higher “YES” rate in Singapore is interesting but deserves more speculation or context.

Reply:
Thank you very much for your thoughtful comments. We agree that the previous version lacked adequate interpretation of several key patterns. In the revised manuscript, we have provided a more detailed discussion of the typical 2–5 year study duration, suggesting it may reflect regulatory timelines and practical constraints of immunotherapy trials. We also explored the implications of shorter versus longer durations for outcome reporting and trial robustness. Additionally, we elaborated on the notably high “YES” rate in Singapore, hypothesizing that centralized ethics, academic trial oversight, and the dominance of well-structured industry-sponsored studies may contribute to this observation. These revisions aim to move beyond descriptive reporting and offer more contextual insights.
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| MY uanbin Huang]: The most prolific journals

significantly contribute to academic output, while the most

cited journals publish research of higher scientific value and
impact. The top ten journals by publications and joint citations
are all classified within the Q1/Q2 categories. Journal For
Immunotherapy Of Cancer and Clinical Cancer Research
appear on both the highest publication and citation lists,
indicating that their published research holds significant
practical and scientific value. Most of these journals are not
open access. Expanding open-access publishing could promote
broader and faster dissemination of research, increasing its
citation and discussion within the academic community (22).
An analysis of authors and co-cited authors identified a core
group specializing in RCC treatment research. Choueiri TK,
Motzer RJ, Powles T, and Escudier B participated in major
clinical trials, including CheckMate 214 (23), CheckMate 9ER
(24), and METEOR (25), which significantly influenced the
academic community.

Most of the top 10 co-cited articles were clinical trials,
highlighting the importance of practical, evidence-based
medicine in cancer research. Clinical trials establish a robust
evidence base for new therapies, driving advancements in
cancer treatment. These research articles serve as authoritative
references for researchers, clinicians, and policymakers,
directly benefiting patient care. Motzer et al. demonstrated that
combining the anti-PD-1 antibody Nivolumab with the CTLA-
4 inhibitor Ipilimumab outperformed Sunitinib in advanced
RCC, significantly improving overall survival (OS), objective

response rate (ORR), and progression-free survival (PFS),

with fewer adverse events (23).

‘ M ER[Yuanbin Huang]: (26)

‘ ‘ 4 Yuanbin Huang]: (27-29)


Yuanbin Huang
Reviewer 2
Your Comments:
Point 16
The manuscript lacks a meta-analysis or effect size estimate when discussing clinical trial outcomes. Merely counting "YES" studies provides little scientific insight into the magnitude of therapeutic benefit.

Reply:
Thank you for your valuable suggestion. We fully agree that meta-analysis and effect size estimation are powerful tools for quantitatively synthesizing clinical evidence. However, the primary aim of our study is bibliometric in nature, focusing on research trends, collaboration patterns, and knowledge structures in the field of PD-1/PD-L1 research in RCC. Given the heterogeneity of study designs, endpoints, and patient populations across the included clinical trials, a formal meta-analysis would fall beyond the intended scope and methodological framework of this bibliometric investigation.

Yuanbin Huang
Reviewer 5
Your Comments:
Discussion
Point 10
Occasional awkward phrasing (e.g., “This phase of research emphasized practical clinical applications...” or “efforts are also directed at optimizing ICIs therapeutic effects...”)—a professional language polish would be beneficial."

Reply
We have thoroughly reviewed the Discussion section and revised awkward or imprecise expressions for improved clarity and fluency. For example, "This phase of research emphasized practical clinical applications" was replaced with "The field now stands at a crossroads, shifting from validation to optimization." All language has been refined to ensure a professional and academic tone.

Yuanbin Huang
Reviewer 5
Your Comments:
Discussion 
Point 5
Several points from the Results are restated almost verbatim (e.g., citation dominance of Motzer/Choueiri, keyword trends, proportion of “YES” results). Focus less on reiterating numbers and more on interpreting implications—Why did trends peak in 2021? What does China’s lower citation rate imply for policy or strategy?

Reply
We have reduced redundancy with the Results section by removing repetitive numerical data and focusing on underlying implications. Specifically, we now interpret the 2021 publication peak in the context of key drug approvals (e.g., Lenvatinib + Pembrolizumab), the COVID-19 pandemic's impact on research, and emerging targets like CTLA-4 and LAG-3. We also discuss China’s lower citation rate as potentially reflecting publication bias, limited international collaboration, and underrepresentation in high-impact journals, while emphasizing the need for strategies that enhance quality alongside quantity.

Yuanbin Huang
Reviewer 1
Your comments:
Point 18:
The discussion section requires improvement in terms of coherence and cohesion. Currently, the narrative flow is somewhat disjointed, and the arguments presented lack a strong, unifying thread. Furthermore, the analysis and subsequent discussion focused solely on the publication output and citation impact between the United States and China may not provide substantial added value to the manuscript. While the observation that 'The United States pioneered research in this area and remains the leader in both publications and citation impact' and 'China has emerged as a major contributor' are factual, they do not necessarily translate into a meaningful discussion of the underlying scientific advancements or clinical implications of PD-1/PD-L1 inhibitors in RCC. The assertion that 'Greater collaboration between the two countries is necessary to advance the field further' is a broad statement that could be strengthened by providing specific examples of potential collaborative research avenues or highlighting areas where synergistic efforts might be particularly beneficial. Instead of solely emphasizing the publication volume and citation metrics of individual countries, consider broadening the discussion to encompass global trends in PD-1/PD-L1 research, the impact of international collaborations in general, and the identification of key areas where further research efforts are needed. A more nuanced discussion of the scientific and clinical implications, rather than a focus on national publication statistics, would significantly enhance the manuscript's overall impact and relevance.

Reply:
Thank you for your detailed and constructive feedback. In response, we have substantially revised the discussion section to improve coherence, enhance the logical flow, and integrate a more comprehensive and global perspective. Rather than focusing solely on the publication and citation metrics between the United States and China, the revised discussion highlights the scientific and clinical implications of global PD-1/PD-L1 research. We now emphasize the importance of international collaborations—such as multi-center trials and translational studies—in advancing biomarker development and optimizing treatment strategies. Specific examples of collaborative research efforts have also been included to support the argument for stronger global synergy.

Yuanbin Huang
Reviewer 2
Your comments:
Point 18:
The section on China’s contribution is descriptive but lacks critical evaluation. Given China’s large publication volume but low average citations, the authors should discuss potential quality versus quantity trade-offs and strategies to improve impact.

Reply:
Thank you for your constructive feedback. In response, we have revised the paragraph to include a more critical evaluation of China’s contribution. Specifically, we now discuss the potential trade-off between research quantity and quality, and offer possible explanations and improvement strategies to enhance scientific impact. These revisions aim to provide a more balanced and analytically grounded discussion.

Yuanbin Huang
Reviewer 2
Your comments:
Point 7
The Discussion fails to evaluate the clinical relevance of the bibliometric findings critically. For example, are the most frequently cited papers also the ones that changed clinical practice or guidelines in RCC immunotherapy? This link is missing.

Reply
Thank you for your insightful comment. We have revised the discussion section to more clearly analyze the clinical relevance of the bibliometric findings. In particular, we highlighted how highly cited studies such as CheckMate 214, CheckMate 9ER, and KEYNOTE-426 have established new standard-of-care regimens in RCC immunotherapy, underscoring their pivotal role in bridging scientific research and clinical application.
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Keyword clustering and co-citation burst analysis revealed a distinct chronological transition.

Early research emphasized basic mechanisms (e.g., immune cell activation, PD-L1 expression).

Between 2012 and 2017, keyword bursts such as “immune checkpoint” and “nivolumab” indicated

99 <6

clinical validation and drug development. After 2018, terms like “prognosis,” ‘“‘tyrosine kinase

inhibitors,” and “‘resistance” emerged, suggesting refinement in therapeutic strategies, combination

therapies, and focus on long-term management. Keywords such as “immune-related adverse events

(irAEs) ” and “tumor microenvironment” point toward increasing attention to patient safety,

treatment resistance, and immunotherapy precision.



Yuanbin Huang
Reviewer 2
Your comments:
Point 7
The Discussion fails to evaluate the clinical relevance of the bibliometric findings critically. For example, are the most frequently cited papers also the ones that changed clinical practice or guidelines in RCC immunotherapy? This link is missing.

Reply
Thank you for your insightful comment. We have revised the discussion section to more clearly analyze the clinical relevance of the bibliometric findings. In particular, we highlighted how highly cited studies such as CheckMate 214, CheckMate 9ER, and KEYNOTE-426 have established new standard-of-care regimens in RCC immunotherapy, underscoring their pivotal role in bridging scientific research and clinical application.

Yuanbin Huang
Reviewer 2
Your comments:
Point 8
The authors should elaborate on potential redundancy in co-citation analysis. Several heavily cited articles come from overlapping author groups (e.g., Motzer et al.), potentially inflating network centrality measures. Discuss how this was controlled or acknowledged.

Reply
Thank you for highlighting this important methodological issue. We agree that overlapping author groups, such as those involving Motzer et al., may inflate co-citation network centrality and clustering measures. In the revised manuscript, we have added a specific paragraph to the Discussion acknowledging this potential redundancy. We also describe how we qualitatively reviewed the author networks to assess overlapping contributions. While these studies were retained to maintain network completeness, we emphasized that citation-based metrics should be interpreted with caution and supplemented by qualitative clinical insights. We appreciate your suggestion, which has improved the methodological rigor of our analysis.

Yuanbin Huang
Reviewer 2
Your comments:
Point 19
The use of “immune-related adverse events” as a research hotspot is not fully developed. The authors should expand on why this area is growing and what challenges remain in integrating toxicity data into clinical decision-making.

Reply
Thank you for your insightful comment. In response, we have expanded the discussion on “immune-related adverse events” (irAEs) to explain why this area has become a research hotspot and to highlight the current clinical and scientific challenges. We now address the complexity of irAE management, the need for predictive biomarkers, and the difficulty of incorporating toxicity data into real-time clinical decisions. These additions aim to enhance the clinical relevance and depth of our analysis.


W[ Yuanbin Huang]: Analysis of co-cited literature

clustering and time trends, combined with keyword changes,
revealed that early studies primarily focused on basic
immunology, emphasizing the mechanisms of PD-1/PD-L1
action and their interactions with other immune-related
molecules. Between 2012 and 2017, research on PD-1/PD-L1
inhibitors advanced rapidly, marking a peak in clinical
investigations. The approval of Nivolumab signaled the
official entry of RCC into the era of immunotherapy,
expanding treatment from single-targeted therapies to a
broader spectrum of immunotherapies and combination
strategies (30). After 2018, as clinical trial data accumulated,
keywords like “prognosis”, “resistance” and “tyrosine kinase
inhibitors” increasingly appeared alongside immunotherapy.
During this period, dual immunotherapy and combination
targeted therapy and immunotherapy received increasing
attention (23,24). This phase of research emphasized practical
clinical applications, including optimizing treatment strategies
for specific cancers (e.g., ccRCC) and managing
immunotherapy-related adverse events. Additionally, research
on the tumor microenvironment has expanded rapidly. This
shift in keywords suggests a transition from early-stage
validation of clinical efficacy to a focus on optimizing
treatment strategies and managing side effects. Future trends
highlight precision medicine and genomic analysis to enhance
the efficacy of personalized treatments. This reflects a gradual
transition from conventional therapies to diverse and
personalized treatment strategies. Moreover, these articles
showcased the potential of translational medicine in bridging
basic research and RCC therapy through rigorous clinical trials,

emphasizing the strong link between research and practice (31).



Yuanbin Huang
Reviewer 2
Your comments:
Point 19
The use of “immune-related adverse events” as a research hotspot is not fully developed. The authors should expand on why this area is growing and what challenges remain in integrating toxicity data into clinical decision-making.

Reply
Thank you for your insightful comment. In response, we have expanded the discussion on “immune-related adverse events” (irAEs) to explain why this area has become a research hotspot and to highlight the current clinical and scientific challenges. We now address the complexity of irAE management, the need for predictive biomarkers, and the difficulty of incorporating toxicity data into real-time clinical decisions. These additions aim to enhance the clinical relevance and depth of our analysis.

Yuanbin Huang
Reviewer 2
Your comments:
Point 10
The whole-exome sequencing (WES) trend is mentioned but not contextualized. Authors should elaborate why WES is emerging in RCC-PD1/PDL1 research—what key WES-driven studies exist, and what novel biomarkers have been discovered?

Reply
Thank you for your valuable suggestion. We have added content in the discussion section to elaborate on the application of whole-exome sequencing (WES) in RCC immunotherapy research. These additions further clarify why WES has become a central tool for biomarker discovery and patient stratification in PD-1/PD-L1-related studies. We appreciate your input, which has significantly enhanced the scientific rigor and translational value of our study.

Yuanbin Huang
Reviewer 4
Your comments:
Point 5
The author should explain how research on the tumor immune microenvironment and whole-exome sequencing might impact RCC treatment.

Reply
Thank you for the constructive comment. In response, we have expanded the relevant section to more clearly explain how research on the tumor immune microenvironment and whole-exome sequencing contributes to the development of novel therapeutic strategies in RCC. 

Yuanbin Huang
Reviewer 5
Your Comments:
Discussion
Point 6
The clinical trial analysis in the Discussion is mostly descriptive (e.g., phases, duration, sponsors) without assessing design quality, inclusion criteria variability, or barriers to late-phase completion. Discuss issues like heterogeneity in trial design, geographic disparities, or reasons for high dropout/termination rates.

Reply
We have revised the clinical trial discussion to go beyond descriptive statistics. The revised text now addresses potential heterogeneity in inclusion criteria, inconsistencies in endpoint definitions, and infrastructure disparities that may hinder trial completion. We speculate that high dropout or termination rates may result from funding limitations, slow patient accrual, and regional regulatory constraints.

Yuanbin Huang
Reviewer 5
Your Comments: 
Discussion
Point 8
While the authors mention global distribution, there is little comparative analysis between high-output and high-quality research nations (e.g., Singapore’s “YES” rate vs. China’s volume). Discuss how research strategies or funding models might influence output quality vs. quantity.

Reply
We have expanded this comparison in the Discussion section. The revised text now contrasts China’s high publication volume with Singapore’s high "YES" outcome ratio, suggesting that research strategies and funding mechanisms in different nations can affect both the quality and quantity of clinical trial outputs. We also highlight how academic institutions may prioritize methodological rigor over volume.
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5. Conclusion


Yuanbin Huang
Reviewer 4
Your Comments:
Point 4
The author should explain what future research directions are suggested in the study.

Reply
Thank you for your insightful comment. In response, we have revised the conclusion to clearly outline specific future research directions suggested by our findings. These include the development of next-generation immunotherapies, biomarker validation, innovation in preclinical models, inclusive clinical trial design, and multi-omic data integration to support precision immunotherapy in RCC.

Yuanbin Huang
Reviewer 5
Your Comments:
Discussion
Point 9
The discussion of translational potential (e.g., tumor microenvironment, genomic analysis) is important but somewhat generic. Incorporate specific examples or recommendations—e.g., which biomarkers are under investigation? What model systems are advancing combination therapy testing?

Reply
We have revised the translational section to include concrete examples. Biomarkers such as PBRM1, LAG-3, and tumor mutational burden (TMB) are highlighted as under active investigation. We also mention that patient-derived xenograft models and organoids are being employed to evaluate novel combination immunotherapies.

Yuanbin Huang
Reviewer 4
Your Comments:
Point 6
The author should describe the role predictive biomarkers play in future research on PD-1/PD-L1 in RCC therapy.

Reply
We appreciate this insightful comment. In the revised manuscript, we added a paragraph discussing the growing role of predictive biomarkers in guiding PD-1/PD-L1 therapies for RCC. Specifically, we noted that emerging biomarkers such as PBRM1 mutations, LAG-3 expression, and tumor mutational burden (TMB) are being actively investigated for their ability to predict response or resistance to ICBs.
These biomarkers, alongside transcriptional profiling and immunogenomic tools, are helping to refine patient selection, reduce immune-related toxicities, and inform the design of combination regimens. As added to the discussion: "In parallel, biomarkers such as PBRM1, LAG-3, and tumor mutational burden (TMB) are being investigated for their potential to predict ICI response."

Yuanbin Huang
Reviewer 4
Your Comments
Point 7
The author should explain how research in this field will contribute to personalized treatment plans and precision medicine for RCC patients.

Reply
Thank you for this important point. We revised the discussion to clarify how ongoing research in PD-1/PD-L1 therapy is driving progress toward personalized treatment in RCC. The field is moving beyond validation toward optimization through multi-omic data integration, biomarker-guided clinical trials, and individualized therapeutic regimens.
We emphasized that antibody-drug conjugates, tumor vaccines, RNA-based therapies, and preclinical models such as patient-derived organoids are providing new avenues to tailor treatment plans to the genetic and immunologic profile of each patient. As stated in the revised discussion: "Emerging technologies, such as antibody-drug conjugates (ADCs), tumor vaccines, and RNA-based therapies, herald a new phase of individualized, immune-guided interventions in RCC."
These developments are expected to significantly enhance the clinical utility and safety of immunotherapy, bringing the vision of precision oncology closer to reality for RCC patients.

Yuanbin Huang
Reviewer 3
Your Comments:
Point 1
Expand the search to include multiple databases and non-English publications. The study only included English-language publications from a single database (WoSCC). This could have led to incomplete data inclusion and potential bias in the findings.

Reply
Thank you for your thoughtful suggestion. We acknowledge that restricting our data to English-language publications from the Web of Science Core Collection (WoSCC) may have excluded relevant studies from other databases and non-English sources. However, the decision to focus on WoSCC was based on its high-quality indexing, standardized metadata structure, and compatibility with established bibliometric tools such as CiteSpace and VOSviewer. These tools require uniform citation formats and author information, which are most consistently available in WoSCC.
Additionally, incorporating multiple databases or multilingual literature may introduce data redundancy and heterogeneity, complicating network analyses and keyword clustering. To minimize these methodological inconsistencies, we adopted a widely accepted bibliometric approach using a single, curated database. We have now revised the Limitations section to clearly acknowledge this trade-off and its potential impact on data completeness and language bias.

Yuanbin Huang
Reviewer 2
Your Comments:
Point 20
The Limitations section is overly brief and superficial. It should discuss missing data risks, the lack of non-English studies, the exclusion of other databases (e.g., Scopus, Embase), and the impact of the chosen time window (2005–2024) on findings.

Reply
Thank you for your helpful suggestion. In response, we have substantially expanded the Limitations section to address missing data risks, database and language exclusions, and the impact of the selected time window. These revisions aim to provide a more comprehensive and transparent assessment of the study’s scope and methodological constraints.

Yuanbin Huang
Reviewer 2
Your Comments:
Point 6
Figure 7 lacks statistical rigor—the authors present heatmaps of “YES” ratios without any statistical test or confidence intervals. Are these differences significant? Consider adding chi-square tests or similar to support claims on geographic or sponsor-related differences.

Reply
We thank the reviewer for raising this important point. We acknowledge that our analysis of “YES” outcome ratios in clinical trials is descriptive and does not include inferential statistical tests such as chi-square or confidence intervals. This limitation is now explicitly acknowledged in the revised Discussion section, where we clarify that formal statistical comparisons were not performed due to data limitations, including incomplete or inconsistent outcome reporting across studies. We also emphasize the importance of future studies employing chi-square tests or regression models to validate geographic or sponsor-related disparities. This revision enhances transparency and appropriately qualifies the scope of our conclusions.

Yuanbin Huang
Reviewer 2
Your Comments:
Point 14
Confounding factors such as funding bias (biopharma-sponsored trials reporting more positive results) are presented descriptively but not statistically tested. A chi-square or regression analysis could strengthen conclusions about sponsor impact on outcomes.

Reply
We agree with the reviewer’s insight. While our descriptive analysis did observe a higher proportion of “YES” outcomes in industry-sponsored trials, we did not perform statistical testing due to the limitations in publicly available data on trial outcomes and funding structures. We have now explicitly noted this limitation in the Discussion section, and we suggest that future research include statistical testing to explore the potential impact of sponsor type on trial outcomes.

Yuanbin Huang
Reviewer 2
Your Comments:
Point 4
There is no critical assessment of publication bias in the bibliometric dataset. Given that high-impact journals dominate citations, the authors should discuss how open-access bias, language bias, or journal impact factor may skew the identified “research hotspots.”

Reply：
Thank you for your valuable comment. While we acknowledge that citation-based analyses inherently reflect the influence of high-impact journals, language accessibility, and publication visibility, our study aimed to provide a macro-level overview of research activity and emerging trends using standardized bibliometric tools. Given the methodological design, controlling for all forms of potential publication bias (e.g., open-access bias, language bias, impact factor stratification) was beyond the scope of this analysis. However, we agree that these factors may introduce certain distortions and have therefore added a statement acknowledging this limitation in the revised manuscript.

Yuanbin Huang
Reviewer 5
Your Comments:
Discussion
Point 7
The limitations are only briefly mentioned in one paragraph and focus solely on database/language bias. Expand this to include lack of inclusion of non-WoS databases (e.g., Scopus, PubMed, Embase), lack of full-text content analysis or natural language processing, potential bias from reliance on citation counts (e.g., impact factor inflation).

Reply
We have significantly expanded the Limitations section. In addition to the previously noted WoSCC and language bias, we now acknowledge the exclusion of other major databases such as Scopus, PubMed, and Embase. We also note the absence of full-text content analysis or natural language processing, and caution that reliance on citation-based metrics may introduce bias due to impact factor inflation, publication timing, and access status.


438 In summary, this study analyzes, the research progress on PD-1/PD-L1 in RCC treatment from

‘ MY uanbin Huang]: analysis
489 2005 to 2024_ integrating bibliometric indicators and clinical trial data. It objectively evaluates the

‘ B[ Yuanbin Huang]: .
490  contributions of countries, institutions, authors, journals, research hotspots, and emerging trends in

491 this field. The analysis shows that PD-1/PD-L1 combined with VEGF-targeted therapies remains a

492  central research focus, with sustained interest in immune-related adverse events, drug resistance, and

493  prognostic outcomes. Meanwhile, research is gradually shifting toward advanced areas such as the

494  tumor immune microenvironment, whole exome sequencing (WES). and tumor mutational burden

495 (TMB), aiming to identify reliable predictive biomarkers. Ongoing efforts to explore novel immune

496  checkpoint inhibitor (ICI) combinations and improve biomarker-guided patient stratification will

497  further promote personalized treatment strategies. Although most clinical trials remain in early

498  phases and lack long-term validation, translational progress has already begun to shape the future of

499  precision immunotherapy in RCC.
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Figure 5 Keyword network and trend analysis. (A) High-frequency keyword co-occurrence network,

node size indicating keyword frequency. (B) Clustering of keywords into main research themes. (C)

Timeline visualization showing keyword prominence and temporal dynamics. (D) Top 50 keywords

with strongest citation bursts, highlighting emerging research topics.

Figure 6_Overview of clinical trial characteristics. (A) Trial type distribution (interventional vs

observational). (B) Proportion of PD-1 and PD-L1 trials by trial type. (C) Distribution of trial

statuses (ongoing, completed, terminated). (D) Distribution of clinical trial phases, showing

predominance of early-phase trials.

Figure 7,Clinical trial outcomes and geographical analysis. (A) Proportion of trials reporting positive W Yuanbin Huang]: :

outcomes (“YES” results). (B) Heatmap illustrating trial durations and outcomes (PD-1 vs PD-L1
studies). (C) Geographic distribution and “YES” outcome rates of PD-1/PD-L1 trials in RCC. Data
reflect combined results from both PD-1 and PD-L1 studies.
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