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Abstract
Objectives: To use bibliometric analysis to articles regarding RCC treating by ICIs, extended analysis effect, and
safety of enrolled paper to interpret the current situation and future trend of clinical trials. 

Methods: We searched in the WoSCC Database on May 30, 2021. Articles were ranked in descending order based on
their total citations. Also, we investigated the uncovered trials registered in ClinicalTrials.gov to analyze the trend of
the future of ICI treatment. 

Results: The top 30 most cited articles were identi�ed and analyzed. The most productive year was 2020, with 12
articles published. The USA and Memorial Sloan Kettering Cancer Center were the most effective country and
institutions. The 15 journals contributed to these articles, and the top �ve keywords were survival, therapy,
nivolumab, everolimus, and immunotherapy. The 13 original articles registered on ClinicalTrials.gov: monotherapy
was 38.5% and combined therapy was 61.5%. The ORR of monotherapy and combined therapy was 24.05% vs
49.03% (P< 0.001). The mPFS of monotherapy was shorter than combined therapy (4.01 mo vs 14.51 mo, P<
0.001). The incidence of grade 3/4 adverse events in single-agent was signi�cantly lower than combined therapy
(19.76% vs 59.38%, P< 0.001). 91 grey data were extracted from ClinicalTrials.gov, which included single-agent
(11%) and combination therapy (89%). 

Conclusions: Although the side effect is unfavorable, the combined therapy will replace the single-agent ICI
treatment in the future clinical trial design. The effect of treatment based on PD-1, PD-L1, and CTLA-4 has almost
reached the bottleneck, the scientist should focus on new targets of checkpoints in clinical research.

1 Introduction
Renal cell carcinoma (RCC) is a common malignancy of the urinary system, accounting for 2–3% of adult
malignancies [1]. RCC is mainly divided into clear cell RCC, papillary RCC, and chromophobe RCC, which account for
around 75%, 20%, and 5%, respectively [2]. In recent years, the incidence and mortality of RCC have been on the rise
[3, 4]. Despite the urology technology is well developed, the prognosis of advanced RCC remains unfavorable [5].

Although immune checkpoint inhibitors (ICIs) alter the outcome of advanced RCC, most patients do not get durable
clinical bene�ts from these drugs and eventually progress to remoted metastasis [6]. The enhanced immune
response enabled by ICIs would lead to some side effects called immune-related adverse events (irAEs) [7–10]. irAE
occurs as a consequence of impaired self-tolerance from loss of T-cell inhibition and it is also an indicator to
evaluate whether the patient needs to stop medication [11]. Nowadays, new immune checkpoints represent by
lymphocyte activation gene-3, T cell immunoglobulin, and mucin-domain-containing-3 have been gradually
discovered and studied [12–14]. A variety of innovative immunotherapies are currently under clinical development
for the treatment of patients with RCC. ICIs targeting programmed death 1 (PD-1), programmed death-ligand 1 (PD-
L1) and cytotoxic t lymphocyte antigen 4 (CTLA-4) have been used in the clinic, still, traditional targeted drugs are
the main clinical treatment options for RCC [15]. The Food and Drug Administration has approved several
treatments that use ICIs alone or in combination [16]. The reason for this is inseparable from the design and
progress of clinical trials.

As we know, the citations are not the only evaluation standard to measure the academic quality of the research
article, however, it is a reliable index to evaluate the impact of a paper on medical development [17]. Bibliometric
analysis, a statistical evaluation of published articles, study the clinical and scienti�c signi�cance of manuscripts
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by developing and applying mathematical models and techniques to communications [18, 19]. Bibliometric analysis
has been used in research papers in oncology and urology [20, 21], including surgical therapy [22], immunotherapy
[23, 24], signaling pathway studies [25, 26], etc. To date, no study has been undertaken to identify the most
in�uential clinical research papers on the use of ICIs in the �eld of the RCC.

The purpose of this study was to investigate the 30 most cited clinical trials in the �eld of the contributions of
authors, institutions, journals, and countries immunotherapy by utilizing VOSviewer, CiteSpace, and other tools.
Through the comparative analysis and correlation analysis of the publication time of the article, prognostic
indicators (such as median overall survival (mOS), median progression-free survival (mPFS) and objective response
rate (ORR)), and grade 3/4 adverse events, we seek a breakthrough for the selection of clinical treatment plans and
the design of clinical trials in the future. Moreover, we collected and analyzed the results of unpublished clinical
studies (grey data) to investigate the trend of ICI therapy.

2 Methods
2.1 Data source and search strategy

Relevant articles were extracted from the Web of Science Core Collection (WoSCC) Database (Clarivate Analysis,
Boston, USA) [27]. We searched publications by exploiting keywords “((Immune checkpoint inhibitor) or (Nivolumab)
or (Pembrolizumab) or (Avelumab) or (Atezolizumab) or (Durvalumab) or (Ipilimumab) or (Tremelimumab) or
(Cemiplimab) or (Immune checkpoint) or (Programmed death 1) or (Programmed death ligand 1) or (PD-1) or (PD-
L1) or (CD279) or (CD274) or (B7-H1) or (PDCD1) or (cytotoxic t lymphocyte antigen 4) or (CTLA-4) or (CD152) or
(Siglec-15) or (sialic acid binding Ig like lectin 15) or (CD33L3) or (CD33 antigen-like 3) or (LAG3) or (lymphocyte-
activation gene 3) or (CD223) or (T cell immunoglobulin and ITIM domain) or (TIGIT) or (WUCAM) or (VSTM3) or
(VSIG9) or (TIM-3) or (HAVCR2) or (Recombinant human t cell immunoglobulin and mucin domain-3) or (Hepatitis a
virus cellular receptor 2)) and ((renal cell carcinoma) or (kidney cancer) or (renal cancer))” from WoSCC Database
on May 30, 2021. No language restrictions were imposed. The time span we selected is all years. By this query, 3276
records were generated. Two researchers (ZJ. Yin and BY. You) screened the abstract independently for quali�ed
papers. The list of top 30 most cited clinical trial articles was extracted to Microsoft Excel 2010. We extracted data
including the title, author, institution, journal, year of publication, total citations, and the type of study. Moreover, “Full
record and cited references” were downloaded and raw data were transformed into TXT format which allowed for
the analysis of bibliometric tools. 

On the website of ClinicalTrials.gov, we applied “renal cell carcinoma” for “Condition or disease”. The keywords used
for the search were “PD-1” or “PD-L1” or “CTLA-4” or “Nivolumab” or “Pembrolizumab” or “Avelumab” or
“Atezolizumab” or “Durvalumab” or “Ipilimumab” or “Cemiplimab” or “Toripalimab” or “Sintilimab” or
“Tremelimumab” for “ other terms”. As 13 articles already posted the result, we counted 91 pieces of grey data from
104 records.

2.2 Criteria for enrolled researches for these studies

Inclusion criteria: 1. The object of study is RCC patients; 2. The research content involves immune checkpoints and
immune checkpoint inhibitors; 3. Document category: the original registered and completed phase II/III/IV clinical
trials.
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Exclusion criteria: 1. The main body of the research and none of the content does not meet the requirements; 2.
Secondary research, cluster analysis research, and non-academic paper type data (such as meeting abstract,
editorial material, news item, proceedings paper, book chapter, correction, and other types of data.); 3. Original
studies such as case reports, case series, case-control studies, cohort studies, etc.

2.3 Data display

The distribution and contribution of authors, institutes, countries, and research areas of literature were analyzed,
which was retrieved from WoSCC Database. The data were analyzed using CiteSpace (Chaomei Chen, Drexel
University, USA) and VOSviewer (Ludo Waltman, Leiden University of Centre for Science and Technology Studies,
Netherlands) for comprehensive science mapping analysis of extensive bibliographic metadata. 

CiteSpace (Version 5.7.R5W 64-bit), a Java-based computer program designed by professor Chen from Drexel
University, served as an indicator of the most active area of scienti�c community research. Several types of
bibliometric studies such as co-word analysis, author co-citation analysis, document co-citation analysis, and text
and geospatial visualizations are supported by this software. VOSviewer (Version 1.6.16) was utilized for
recognizing association among journals, and constructing collaboration networks, which referred to term clustering,
countries /institutions/authors, and quotation systems of cited journals [27, 28].

2.4 Statistical analysis

We used Statistical Product and Service Solutions (SPSS) for statistical analysis. Qualitative data were presented as
a frequency in percentage. The quantitative data were presented as average or medium and t-test or Mann–Whitney
U test were used to calculate the statistical difference. The p-value < 0.05 considered statistical signi�cant.

2.5 Ethical Requirements

Due to the fact that this research did not involve intervention or data collection in animal experiments or clinical
trials, approval from an ethical committee was not required.

3 Results
3.1 Citation range

A total of 3267 articles were extracted from WoSCC Database. The top 30 most cited clinical trial articles were listed
in Supplementary Table 1. The citation count of articles ranged from �ve to 3192 (total number of citations, 9005).
The article with the largest citation number, 3192 times, was about a treatment of advanced RCC by nivolumab and
everolimus published in 2015 [29]. The article with the least citation number, three times, was patient-reported
outcomes in a phase 2 study comparing atezolizumab alone or with bevacizumab vs sunitinib in previously
untreated metastatic RCC in 2020 [30]. 

3.2 Year of publication

The top 30 most cited clinical trial articles were published between 2015 and 2021. Data is input in the �ow diagram
(Figure 1). The number of articles published per year had not exceeded �ve until 2019, but since then it has
increased dramatically. The largest number of clinical trial articles was published in 2020, with a total of 12 articles. 

3.3 Distribution and contribution of global countries/regions and institutions
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Thirty countries/ regions in total have published researches on clinical trials of immune checkpoints for RCC. It
happened that one piece of literature was published by authors from diverse countries. The top ten most productive
countries were listed in  Supplementary Table 2. It happened that one paper was published by authors from diverse
countries/regions. According to the overlay visualization map made by Citespace and VOSviewer, the USA, France,
Japan, UK, and Germany had the most intense publication density (Supplementary Figure 1). 

A total of 2,75 institutions have published papers. Supplementary Table 3 revealed the top ten institutions with the
most publications. Due to the di�culty, every clinical trial is completed by many different institutions from all over
the world. The institution with the largest number of papers was led by the Memorial Sloan Kettering Cancer Center
of the USA (n=20). It is worth noting that the most represented institutions were associated with the highest
countries.

3.4 Analysis of journals of publication

The 30 articles are published in 15 different journals. New England Journal of Medicine contributed the most
articles to our list (both n = 5), followed by Journal of Clinical Oncology and Lancet Oncology (both n = 4). Journals of
30 articles are listed in Supplementary Table 4 with their impact factors.

3.5 Analysis of authors

294 authors participated in the 30 highly cited articles. Motzer RJ, from the USA, had 21 authorships mainly in this
�eld, followed by Rini BI (n = 16) and Escudier B (n = 15). We have compiled the top ten authors' information, which is
attached in Supplementary Table 5. Due to the same research �nished by the multiple authors, we used CiteSpace
and VOSviewer to analyze co-authorship and citation networks among authors and to reveal the most highly cited
researchers and collaboration among researchers (Supplementary Figure 2).

3.6 Analysis of keywords

We have compiled the top ten keywords attached in Table 6. The content of the network analysis of the keywords is
listed in Figure 2A. The results show that "survival, therapy, nivolumab, everolimus, immunotherapy " is highly
central. The time zone view of the cluster nodes illustrated that the research progress was centered around the
above keywords over time (Figure 2B). In Table 8, therapy is the keyword with the highest amount of publications (n 
= 14), followed by survival (n = 11) and nivolumab (n = 10).

3.7 Comparative analysis of enrolled researches

Among the 30 top most cited clinical trial articles, 13 were original articles registered on ClinicalTrials.gov, ten were
follow-up analyses, four were subgroup analyses of clinical trials and three were patient-reported outcomes of
previous studies. A detailed list of the 13 registered clinical trial articles can be found in Supplementary Table 7.
According to the selection of clinical treatment, the 13 registered clinical trial articles were divided into different
research focuses: single-agent (5/13, 38.5%), and combined therapy (8/13, 61.5%). In these 13 articles, nine involved
in anti-PD-1 immunotherapy (nivolumab: n=7, pembrolizumab: n=2), four involved in anti-PD-L1 immunotherapy
(atezolizumab: n=3, avelumab: n=1), and one involved in the anti-CTLA-4 immunotherapy (ipilimumab: n=1)
(Table 1).

 Table 1 Clinical information of 13 registered studies.
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  Register
Number

Drugs Phase Drug administration Evaluation indicator

Single-
agent

Combined
therapy

mOS

(mo)

ORR

(%)

mPFS

(mo)

Grade
3/4
adverse
events
(%)

1 NCT01668784 Nivolumab III √   25.00 25.00 4.60 19.00

2 NCT02231749 Nivolumab +
Ipilimumab

III   √ NA 42.00 11.60 46.00

3 NCT02853331 Pembrolizumab
+ Axitinib

III   √ NA 59.30 15.10 75.80

4 NCT01354431 Nivolumab II √   25.50 22.00 4.00 11.00

5 NCT02684006 Avelumab +
Axitinib

III   √ 13.80 55.20 13.80 71.20

6a NCT01984242 Atezolizumab +
Bevacizumab

II   √ NA 32.00 11.70 63.00

6b NCT01984242 Atezolizumab II √   NA 25.00 6.10 40.00

7 NCT02420821 Atezolizumab +
Bevacizumab

III   √ NA 43.00 11.20 40.00

8 NCT03013335 Nivolumab  II √   NA NA 2.45 12.50

9 NCT02724878 Atezolizumab +
Bevacizumab

II   √ NA 33.00 8.30 33.00

10 NCT03126331 Nivolumab II √   NA 29.00 7.97 NA

11 NCT03141177 Nivolumab +
Cabozantinib

III   √ NA 55.70 16.60 75.30

12 NCT02348008 Pembrolizumab
+ Bevacizumab

II   √ NA 60.90 20.70 NA

13 NCT02596035 Nivolumab IV √   16.30 13.60 2.20 13.60

Due to the incomplete data of mOS, we did not perform statistical analysis on all the studies. The average ORR of
monotherapy and combined therapy was 24.05% vs 49.03% (P< 0.001). The mPFS of monotherapy was shorter
than combined therapy (4.01 mo vs 14.51 mo, P< 0.001). The average of grade 3/4 adverse events of single-agent
was 19.76%. But the average of grade 3/4 adverse events of combined therapy was 59.38%. The incidence of grade
3/4 adverse events of single-agent was signi�cantly lower than that of combined therapy (P< 0.001).

3.8 Analysis of the grey data

A total of 91 records were extracted from ClinicalTrials.gov (Supplementary Table 8). The phase II trials had the
largest number of experiments (n=68), followed by phase III trials (n=21) and phase IV trials (n = 2) (Figure 3A). The
91 grey data were divided into different types: single-agent (10/ 91, 10.99%) and combined therapy (81/ 91,
89.01%), including single ICI + target (35/ 91, 38.46%), double ICIs (17/ 91, 18.68%), double ICIs + target (8/ 91,
8.79%), and others (21/ 91, 23.08%) (Figure 3B).
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4 Discussion
This is the �rst bibliometric analysis of clinical trials which are associated with the treatment of RCC by ICIs. In this
article, we enrolled only top cited 30 clinical trial articles instead of top 50–100 ones [22, 31], because we restricted
a rigorous range of search terms and design scienti�c and speci�c inclusion and exclusion criteria. Due to the
minority of clinical trials in the treatment of RCC by ICIs, we believed that 30 is the most appropriate and scienti�c
number.

In our analysis, a �ve citations paper was enrolled, which was published in December 2020. The reason for the low
citations may be limited by factors such as publication time and clinical guidelines. For the analysis of authors,
institutions, and countries, we discover that experts from many medical research institutions in the USA are the
initiators of this type of scienti�c research, and they are also the main authors of the article. In addition, medical
institution collaborators from Europe are also the main force in such clinical research. Also, we found large-scale
clinical RCT research articles tend to be published in high-scoring journals, but their follow-up analyses or subgroup
analyses published in journals are slightly inferior to the original studies. The main reason may be in�uenced by the
research signi�cance, sample size, and workload, but there is no lack of other external or man-made interference
factors. This article also examined the keyword distribution of the most cited articles. Among the top ten keywords
listed with the highest frequency, speci�c drug names account for 50%. Terms related to ICIs are less than those
related to traditional non-speci�c cytokine therapy and targeted therapy, which also re�ects targeted drugs still
occupy half of the sky in the treatment of advanced RCC. Therefore, we cannot ignore its powerful curative effect.

At present, the FDA has approved many ICIs, including pembrolizumab, nivolumab, avelumab, atezolizumab,
durvalumab, cemiplimab, ipilimumab, tremelimumab, etc [32–34]. However, there are only three drugs approved for
the treatment of RCC. According to the analysis of the results of Table 3, anti-PD-1 displayed a great effect on the
treatment of RCC, and anti-CTLA-4 may be close to a curtain call of clinical research. Keiichiro et al. revealed that
patients with metastatic RCC who received anti-PD-1 combination therapy in �rst-line may obtain more bene�ts than
anti-PD-L1 combination therapy [35]. This still requires researchers to further explore. In recent years, other types of
ICIs have gradually entered phase III clinical trials, we also analysis the grey data of clinical trials, and found the
anti-PD-L1 treatment was the hotspot of researchers.

In addition, we found combined therapy may replace the single agent in the future. As a result, the median
publication time of single immunotherapy is longer than combined therapy. The FDA approved combined therapy
for RCC from 2018 to 2019, and the use of nivolumab and pembrolizumab alone is even longer. We believed a
single-agent therapy in renal cancer did not show a satisfactory effect in clinical practices. Still, we did not the �ne
best combination for treating RCC, many grey data will release in 3–5 years and we believe the traditional ICIs do
not have a big room to improve. New targets of checkpoints, such as TIM-3, LAG-3, should be more explored.

The augmented immune response enabled by ICIs has led to some irAEs. irAEs occur as a consequence of impaired
self-tolerance from loss of T-cell inhibition and it is also an indicator to evaluate whether the patient needs to stop
the medication. The incidence of severe toxicities differs depending on the agent administered, the dose, interval,
and duration of therapy. The main irAEs include diarrhea, colitis, hepatitis, skin toxicities, and endocrinopathies such
as hypophysitis and thyroid dysfunction [36]. It has been reported that grade 3/4 irAEs were more common with
CTLA-4 mAbs compared with PD-1 (31% versus 10%) [37]. Ipilimumab, as the �rst anti-CTLA-4 monoclonal antibody
(mAb) entering the clinic, was approved for the treatment of malignant melanoma in 2011 [38] but was not
approved for the treatment of RCC in combination with nivolumab until 2018 [39]. Therefore, the drug coming into
the market has an inseparable relationship with the occurrence of adverse events. According to our results, seven
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were involved in nivolumab, and one focused on ipilimumab in these 13 articles. This result is consistent with the
above analysis.

The use of an OS end point is signi�cant in the studies investigating the combination of two or more anti-cancer
drugs [40]. Among the indicators for evaluating prognosis, ORR and mPFS are easier to obtain than mOS, because
of the difference in follow-up time and the failure of the mOS in some experiments. During the follow-up period, the
objective response rate of patients receiving single-agent was 22.09%, and the mPFS was 4.07 months. However,
the objective response rate of patients receiving the combination was about 47.64%, and the mPFS was
approximately 13.63 months. The combined treatment of ORR and PFS is two and three times more than that of a
single-agent. Although the grade 3/4 adverse events of the combined therapy are greater than that of the single-
agent, ORR and PFS values have the opposite results. In view of the better prognosis of dual-drug therapy, combined
therapy accounted for a larger portion both in clinical treatments or clinical trials. This result is the same as the
analysis of the time of publication.

Although the side effect is unfavorable, the combined therapy will replace the single-agent ICI treatment in the future
clinical trial design. The effect of treatment based on PD-1, PD-L1, and CTLA-4 has almost reached the bottleneck,
the scientist should focus on new targets of checkpoints in clinical research.
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Figure 1

Distribution of top-cited clinical trial articles per year.

Figure 2
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(A) The network visualization of keywords. (B) The visualization of the time zone view of cluster nodes.

Figure 3

(A) Distribution of Phase II/III/IV trials. (B) Different therapeutic schedules in 91 grey data.
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