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ABSTRACT
Purpose: To highlight the scientific progress in immunotherapy of urological cancer by identifying and 
analyzing the 100 top-cited (T100) articles from the last 15 years.
Methods: Papers in immunotherapy of urological cancer were identified from Clarivate Web of Science Core 
Collection database. Data of the T100 articles and papers published in recent 2 years, including citations, 
topic, year of publication, country of origin, institution and authorship, were extracted and analyzed.
Results: Of the T100 articles, the citation number ranged from 7387 to 183 with a mean of 590.66. The 
USA led the field with 80 T100 articles and 53097 citations. Pro Sharma P from MD Anderson Cancer Center 
was at the top of list with 8 T100 articles (3 as first author and 6 as corresponding author). Memorial Sloan 
Kettering Cancer Center ranked first with 26 T100 articles and 22573 citations, followed by Johns Hopkins 
University with 21 T100 articles and 25095 citations. Forty-nine T100 articles were related to the renal 
cancer, followed by prostate cancer (29), bladder cancer (13) and urothelial cancer (13). According to the 
type of immunotherapy, most T100 articles were related to ICI (55 articles) and vaccine (19 articles).
Conclusions: It is the first bibliometric analysis to identify the T100 articles on immunotherapy of urological 
cancer. The USA made great contribution in the field of immunotherapy related to urological cancer. Renal, 
bladder and prostate cancers were the major organs treated by immunotherapy especially by ICIs and 
vaccines. The multiple aspects of ICIs research in renal and bladder cancer and the neoantigen-based vaccine 
therapy will be hotspots for future research.
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Background

Immunotherapy is considered a promising approach to enhance 
and harness the abilities of the human immune system to iden-
tify and eliminate cancer cells. Within the last few decades, 
various immune-based therapeutic agents have been attempted 
for the treatment of urological cancers. Bacillus Calmette-Guérin 
(BCG) therapy was the first immunotherapy to treat superficial 
bladder cancer reported by Morales et al. in 1976.1 Later, cyto-
kines such as interleukin 2 (IL2) and interferon alpha (IFNα) 
were used for the treatment of advanced renal cancer.2,3 To 
achieve better therapeutic effects, the adoption of new anticancer 
therapies, such as immune checkpoint inhibitors (ICIs), adaptive 
cell transfer therapy (ACT) and vaccines, is being developed and 
has proven to be beneficial to some patients. In particular, ICIs 
have dramatically changed the therapeutic landscape for patients 
with advanced cancers, including kidney and bladder cancer.4,5 

In summary, a diverse range of immunotherapeutic approaches 
has emerged in an endless stream in recent decades with in- 
depth investigations into the mechanisms at the basis of immune 
escape or immune suppression.

As an important part of bibliometric analysis, citation ana-
lysis is a widely used method to evaluate the academic influence 
of a paper.6,7 The top-cited papers were usually considered the 

most important or most impactful research within the field.7,8 

Bibliometric analysis, including citation analysis, has been 
widely used to evaluate the current status of the research 
field, such as urological surgery,9 metastatic castration- 
resistant prostate cancer,10 robotic exoskeletons,11 analytic net-
work process.

A bibliometric analysis will first be performed to identify the 
top 100 most-cited articles (T100) and articles published in the last 
2 years on immunotherapy for urological cancer. The purpose of 
this study is to identify the detailed characteristics of the T100 
articles, provide an overview of the whole study area and attempt 
to predict some future trends on the basis of current research.

Methods

The Clarivate Web of Science Core Collection (Science 
Citation Index Expanded) database, one of the most important 
scientific literature databases, was searched to identify related 
papers in the field of immunotherapy related to urological 
cancer on January 17, 2021. A complicated search strategy 
was adopted to include all the relevant papers. Papers pub-
lished between 2005 and 2020 related to immunotherapy, 
especially immune checkpoint inhibitors (ICIs), adoptive cell 
transfer therapy (ACT), vaccines, bacillus Calmette-Guerin 
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(BCG) and cytokines in urological cancers, were selected and 
ranked according to the citation number. Only peer-reviewed 
article types and reviews were included, while practice guide-
lines were excluded. All 100 cited articles (T100) were carefully 
reviewed by two independent urologists in several rounds. 
T100 articles were further reviewed and analyzed according 
to the following information: citations, topic, year of publica-
tion, country of origin, institution and authorship. Papers from 
England, Wales and Scotland were grouped under the heading 
United Kingdom (UK).

To better understand the current situation and predict future 
trends, the same search strategy was adopted on November 21, 
2021. 3741 papers published in recent 2 years were selected for 
further keywords analysis, including 45 ESI highly cited papers 
and 5 ESI hot papers. According to the Essential Science 
Indicators ™ database, highly cited papers reflect the top 1% of 
papers by field and publication year. Hot papers are defined as 
papers cited in the top 0.1% in a current bimonthly period and 
the papers are selected in each of 22 fields of science and must be 
published within the last two years.12

Results

There were 18,471 articles that fit the search criteria from 2005 
to 2020. The T100 articles in the field of immunotherapy 
related to urological cancer were selected by two independent 
reviewers, as shown in Figure 1 and Supplementary Table. The 
citation number of the T100 articles ranged from 183 to 7387, 
with a mean of 590.66. The top-cited paper was written in 2012 
by Professor Topalian, SL, describing the safety and activity of 
anti-PD-1 antibody in cancer. The most recent T100 article was 
published in 2019 with 274 citations and discussed the tumor 
mutation burden as an immunotherapy biomarker.

Twenty-eight countries in the world had participated in the 
T100 articles, 13 of which were related to more than 4 T100 
articles, as seen in Table 1. The international collaboration 
network within the 13 countries is shown in Figure 2. The 
USA dominated the field with 80 T100 articles and 53,097 
citations. Scientists from the USA collaborated with scientists 
from 25 other countries. The UK ranked second with 18 T100 
articles and 13,247 citations (collaborating with scientists from 

26 countries), followed by Italy (18 T100 articles and 11,399 
citations) and France (17 T100 articles and 13,794 citations). 
The USA was the leader of the scientific collaboration network 
and had strong collaborative links with other countries, such as 
the UK, Canada and France.

Overall, 1006 researchers from the whole world con-
tributed to the T100 articles. The scientists publishing 
more than 3 T100 articles as first or corresponding 
authors are displayed in Table 2. Prof. Sharma P from 
the MD Anderson Cancer Center was at the top of list 
with 8 T100 articles (3 as first author and 6 as correspond-
ing author) and 5466 citations. Prof. McDermott DF 
ranked second, with 9 T100 articles (4 as first author 
and 4 as corresponding author) and 12,918 citations. 
Prof. Topalian SL from Johns Hopkins University pub-
lished 9 T100 articles (1 as first author and 2 as corre-
sponding author) with the largest number of citations of 
17,330. Notably, 15 scientists publishing 2 T100 articles as 
first or corresponding authors were not included in the 
table.

A total of 409 worldwide institutions were involved in the 
T100 articles, of which 18 were involved in more than 7 T100 
articles, as seen in Table 3. Thirteen of those top institutions 
are from the USA, and the remaining five are from the UK (2 in 
total), France,1 Switzerland1 and the Netherlands.1 The first- 
ranked institution, namely, the Memorial Sloan Kettering 
Cancer Center, is from the USA, with 26 T100 articles and 
22,573 citations. Johns Hopkins University ranked second, 
with 21 T100 articles and 25,095 citations. Harvard 
University ranked third, with 21 T100 articles and 24,554 
citations.

The T100 articles were published in 39 journals, including 
general journals and journals specific mostly for oncology, 
immunology and urology. Of those, 16 journals published 
more than 2 T100 articles, as given in Table 4. The Journal of 
Clinical Oncology published the most T100 articles with a total 
of 11,523 citations, followed by Clinical Cancer Research with 
10 T100 articles and 4356 citations and Lancet Oncology with 
10 T100 articles and 3783 citations. The New England Journal 
of Medicine published 4 T100 articles with the largest number 
of citations of 18,434.

Figure 1. Numbers and citations of the T100 articles published from 2005 to 2020.

e2035552-2 L. HE ET AL.



According to the topics and organs in the T100 articles, as 
identified in Tables 5, 49 T100 articles were related to renal 
immunotherapy, of which 27 discussed immune checkpoint 
inhibitors, 9 discussed cytokines, 3 were about vaccine and 
adoptive cell transfer therapy, and the remaining 5 were related 
to other immunotherapies. Prostate cancer ranked second, 
with 29 T100 articles, while 14 articles discussed vaccines and 
13 articles were related to ICIs. In the articles related to bladder 
and urothelial cancer, 15 articles discussed ICIs, and 8 articles 
discussed BCG. Regardless of the organ, most T100 articles 
were related to ICIs (55 articles) and vaccines (19 articles).

The keywords reflect the core and focus of a paper.10 The 
author keywords in the 3741 papers published from 
November 21, 2019 to November 21, 2021 were analyzed. 
The top 30 author keywords by year were displayed in 
Figure 3. The keyword “Immune checkpoint inhibitors” 
ranked second with appearance of 652, followed by “renal cell 
carcinoma” (580, third), ”bladder cancer” (530, fourth), 
”urothelial carcinoma” (262, fifth), ”prostate cancer” (261, 

sixth). Besides, “non-muscle invasive bladder cancer” ranked 
21th and “muscle invasive bladder cancer” ranked 27th. They 
were excluded from the keyword “bladder cancer.”There were 
other therapies including “BCG,” ”chemotherapy,” ”targeted 
therapy,” ”cytokines,” ”vaccine” and “radiotherapy.”

To better understand the hotspot and predict the future 
research, the 45 ESI highly cited papers and 5 ESI hot papers 
were analyzed in depth, as seen in Supplementary Table S2. Of 
the 45 papers, 36 papers were directly or indirectly related to 
ICI while only 4 papers were associated with vaccine. Of the 36 
papers, 11 papers involved clinical trials while 13 papers 
involved predictive biomarkers, action and resistance mechan-
isms, and 10 papers were literature reviews. Of the four papers 
relevant to vaccine, two papers reported animal experiments, 
while one involved clinical trial and the rest one was literature 
review. As most studies investigated renal cancer, bladder 
cancer and urothelial carcinoma, only 6 articles were relevant 
to prostate cancer (four about biomarkers and mechanisms, 
two about animal experiments).

Discussion

Numerous urologists, oncologists and immunologists have 
made a variety of attempts to develop immunotherapies for 
urological cancer. BCG was first reported to treat bladder cancer 
in the 1970s and then became the standard therapy for high- or 
intermediate-risk NMIBC because it could reduce the risk of 
NMIBC recurrence.13 Renal cancer was reported to respond to 
cytokines such as IFNs and interleukin 2 (IL-2) in the 1980s and 
was treated with cytokine therapy for nearly 20 years until the 
appearance of targeted therapy in 2005.14 With the understand-
ing of the mechanisms related to failures of the immune system 
and the development of new technologies such as sequencing 

Table 1. Countries of origin of the T100 articles.

Country Articles Citations Average citations/article

USA 80 53097 663.71
UK 18 13247 735.94
Italy 18 11399 633.28
France 17 13794 811.41
Netherlands 16 7651 478.19
Germany 15 10058 670.53
Spain 14 12559 897.07
Canada 12 10164 847.00
Belgium 9 3209 356.56
Japan 6 5161 860.17
Denmark 4 4273 1068.25
Poland 4 2731 682.75
Switzerland 4 1791 447.75

Figure 2. Collaborative relationships among the top 13 countries.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2035552-3



technology or omics technologies, various immune approaches 
have been attempted, while some have shown promise in treat-
ing advanced cancers. Most immune agents have been reported 
to result in only modest survival benefits. The dendritic cell 
vaccine (sipuleucel-T), targeting PAP for MCRPC, was the first 
FDA-approved cell-based cancer vaccine in 2010.15 In 2011, 
ipilimumab, a CTLA-4 blockade, was the first FDA-approved 
immune checkpoint inhibitor (ICI) to treat melanoma.16 

Around the year 2015, there was an increase in ICIs with unpre-
cedented therapeutic efficacy, such as anti-PD1 and anti-PD-L1 
antibodies, proving that the appearance of ICIs was a landmark 
breakthrough in the treatment of a variety of solid tumors, 
including renal and bladder cancer.17,18 Other immunothera-
peutic approaches, such as vaccines, ACT and oncolytic vir-
otherapy, also seem to play a critical role in the future 
treatment of cancer. Several agents (e.g., BCG) have become 
the standard treatment from the beginning, while some (IL-2) 
have even been widely used for decades and have been excluded 

from mainstream programs today.2,19 Immunotherapy of urolo-
gical cancer has changed dramatically, so a retrospective and 
bibliometric study is required to reveal an overview of the whole 
study area and attempt to predict some future trends on the basis 
of current research.

Similar to other studies, the USA is also the leader in the 
area of immunotherapy of urological cancer in terms of T100 
articles, citation numbers, institutions and scientists.20,21 

Several factors could have contributed to this result: impacts 
of science and technology (S&T) policy,9,22 abundant financial 
support from the national government as well as private indus-
tries and foundations, global talent attraction,23 the innovative 
spirit of the USA,24 the emphasis on applied research and 
industrial development, close domestic and international col-
laboration and so on. While cancer is a global burden, new 
economic powers such as China and India should make more 
efforts to help solve this problem with respect to financial 
support, more active public health policy on cancer and more 
research programs. More importantly, cross-disciplinary com-
munication and cooperation, especially international coopera-
tion, should be promoted with great advantages.25,26 Most 
scientists, such as Prof. Sharma P (MD Anderson Cancer 
Center) and McDermott DF (Beth Israel Deaconess Medical 
Center), published T100 articles from top institutions, and they 
were forerunners and authoritative experts in their fields and 
made great contributions to global cancer treatment. They 
were also fit for international cooperation and communication, 
but further studies are needed.

Considering the outline of immunotherapy in urological can-
cer during the past 15 years, the treatment effect and type of 
immunotherapy differed within organs. In the T100 articles, 
urological cancer has been reported to respond to several kinds 
of immunotherapy (i.e., ICIs, vaccines and ACT therapies) with 
different response rates due to their immunogenic cancer cells. 
ICIs have been used to treat advanced renal cancer, bladder 

Table 2. The most prolific authors among the T100 articles.

Author Articles

Authorship

Affiliation Country CitationsFirst author Corresponding author Others

Sharma P 8 3 6 2 MD Anderson Cancer Center USA 5466
McDermott DF 9 4 4 5 Beth Israel Deaconess Medical Center USA 12918
Motzer RJ 5 3 3 2 Memorial Sloan Kettering Cancer Center USA 5916
Sylvester RJ 4 2 3 1 European Organization for Research and Treatment of Cancer European Union 1040
Kwon ED 4 1 3 1 Mayo Clinic USA 1562
Yang JC 3 1 3 0 National Cancer Institute USA 1314
Schlom J 5 0 3 2 National Cancer Institute USA 1670
Gulley JL 7 2 1 4 National Cancer Institute USA 2206
Drake CG 10 2 2 8 Johns Hopkins University USA 16495
Powles T 8 2 2 6 Queen Mary University of London UK 6409
Rini BI 7 2 2 5 Cleveland Clinic USA 2939
Small EJ 7 2 2 5 University of California San Francisco USA 6566
Balar AV 3 2 2 1 New York University USA 3014
Lamers CHJ 2 2 2 0 Erasmus University Rotterdam Netherland 583
Topalian SL 9 1 2 7 Johns Hopkins University USA 17330
Brahmer JR 8 2 1 6 Johns Hopkins University USA 16449
Rosenberg SA 7 1 2 5 Memorial Sloan Kettering Cancer Center USA 2555
Fong L 5 1 2 3 University of California San Francisco USA 4759
Finke JH 2 1 2 0 Cleveland Clinic USA 938
Apolo AB 2 1 2 0 Cleveland Clinic USA 536
Vieweg J 2 0 2 0 Duke University USA 1091
Sadelain M 2 0 2 0 Memorial Sloan Kettering Cancer Center USA 759
Ribas A 3 1 1 1 National Cancer Institute USA 880

Table 3. The 18 top institutions among the T100 articles.

Institution Articles Country Citations

Memorial Sloan Kettering Cancer Center 26 USA 22573
Johns Hopkins University 21 USA 25095
Harvard University 21 USA 24554
University of California System 17 USA 10684
University of Texas System 15 USA 12937
Cleveland Clinic Foundation 15 USA 12181
National Cancer Institute 15 USA 5004
Bristol Myers Squibb 14 USA 19474
Unicancer 14 France 11477
Yale University 10 USA 14441
Mayo Clinic 10 USA 10207
University of London 10 UK 7038
University of Washington 9 USA 14111
Sarah Cannon Research Institute 9 UK 12321
Roche Holding 9 Switzerland 6846
Vanderbilt University 8 USA 16706
Duke University 8 USA 3925
Radboud University Nijmegen 7 Netherlands 2506
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Figure 3. Bubble chart of top 30 author keywords by year.

Table 4. The journal distribution of the T100 articles.

Journal Articles IF as of 2019 5-Year’s IF Citations Average citations/article

Journal of Clinical Oncology 19 32.956 25.957 11523 606.47
Clinical Cancer Research 10 10.107 10.115 4356 435.60
Lancet Oncology 10 33.752 35.843 3783 378.30
Cancer Research 4 9.727 9.883 1111 277.75
European Urology 4 18.728 16.763 1031 257.75
Lancet 4 60.39 59.345 3300 825.00
New England Journal of Medicine 4 74.699 72.098 18434 4608.50
Annals of Oncology 3 18.274 15.254 846 282.00
Cancer 3 5.772 6.602 1103 367.67
Journal of Immunology 3 4.886 5.052 985 328.33
Nature Medicine 3 36.13 36.23 1050 350.00
Journal of Immunotherapy 2 4.11 3.367 762 381.00
Journal of Urology 2 5.925 5.137 525 262.50
Molecular Therapy 2 8.986 7.885 653 326.50
Nature 2 42.779 46.488 2283 1141.50
Science Translational Medicine 2 16.304 18.559 506 253.00
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cancer and urothelial cancer, with impressive response rates and 
manageable toxicity profiles.4,5 In terms of prostate cancer, only 
a few limited patients have shown a response to ICIs.27,28 

Researchers have found that some signaling pathways are related 
to immunosuppression, so ICIs in combination with targeted 
therapy (tyrosine kinase inhibitors such as sunitinib) could also 
enhance the antitumor effect.14,29 Now, ICIs-based therapy has 
been the standard of care as first-line therapy for patients with 
advanced renal cancer. Judging from the papers published in the 
last 2 years and the 45 ESI highly cited papers, ICIs will still be the 
hotspot in the next few years. The first present research focused 
on the application in different stages of renal and bladder cancer. 
The clinical trials have proven Pembrolizumab’s positive treat-
ment effects as adjuvant therapy in patients with renal cell 
carcinoma,30 alternative therapy in patients with BCG- 
unresponsive non-muscle-invasive bladder cancer,31 first line 
therapy in patients with advanced advanced clear cell renal cell 
carcinoma and non-clear cell renal cell carcinoma.32,33 However, 
adjuvant atezolizumab in muscle-invasive urothelial carcinoma 
did not met its primary endpoint. 34 Thus, the application of ICIs 
need further investigation to expand and we could expect the 
changes of the standard care in the following few years. The 
combination of ICIs and other therapies have also attracted 
some attention. The possible combined approaches include tar-
get therapy, chemotherapy, radionuclide therapy,35 cytokine,36 

vaccine37 and so on. With the deeper understanding of the 
response and resistance mechanisms, academic circles will still 
pay much attention to discover more effective predictive biomar-
kers, to design more rational and effective therapeutic combina-
tion strategies, to improve the management of immune-related 
adverse events.38 In addition, new ICIs targeting TIM-3, LAG-3, 
B7-H3, B7-H4, VISTA, CEACAM1, BTLA, CD200-CD200R, 
Siglec15 and TGIT are being developed and might be different 
from the current ICIs of urological cancers.5,39

Cancer vaccines are the research priorities for the development 
of immunotherapy. However, most vaccines for cancer are promis-
ing but fraught with difficulty, except for two prophylactic vaccines 
targeting papillomavirus and hepatitis B virus and one therapeutic 
cancer vaccine sipuleucel-T. Sipuleucel-T was an immune cell- 
based vaccine that prolonged overall survival among men with 
metastatic castration-resistant prostate cancer and has been part of 
the standard therapy for advanced prostate cancer.40,41 Most of the 
vaccines in clinical trials had a modest efficacy because of the lack of 
tumor specificity and poor immunogenicity. Attributed to improve-
ments in high-throughput technologies and prediction algorithms, 

neoantigen identification (mostly tumor-specific antigens, TSAs) 
makes personalized vaccines promising, as TSAs are tumor- 
specific and have the lowest risks of autoimmunity.42 Given that 
ICIs had great effect on advanced cancer, personalized neoantigen- 
based vaccine therapy in combination with ICIs in patients with 
advanced bladder cancer and other solid cancer, had demonstrated 
encouraging results.37 Besides, more clinical trials of neoantigen- 
based cancer vaccines are ongoing for bladder and renal cancer.43 

Another aspect of vaccine study is the research of vaccine delivery 
systems about how to increase the delivery efficiency. Novel nano-
particle-based delivery systems such as lipid based, polymer based, 
inorganics based, and bio-inspired delivery systems have been 
explored as potential delivery tools.44 In conclusion, neoantigen- 
based cancer vaccines will be a promising approach in the future. 
More work needs to be done to identify the different vaccine plat-
forms and combination therapies to break tumor tolerance and 
induce long-lasting immunity.

Although vaccine therapies and ICIs have clinical effects in 
selected patients, new therapies, such as BiTEs, CAR-T cells and 
oncolytic virus therapy, especially armed with functional trans-
genes, will offer intriguing and promising avenues for advanced 
cancers.27,45 With a greater understanding of the mechanisms 
related to the recovery of specific immunosuppressive pathways, 
identifying suitable targets for different target mechanisms, mak-
ing personalized and combined immunotherapy to improve the 
treatment effects and reduce the side effects possible, will be 
a promising approach for advanced cancer treatment.

The study also has some limitations. Firstly, the Web of 
Science Core Collection (WoS) covered fewer journals than 
Scopus and might have missed some articles and underesti-
mated the number of citations;46 Secondly, some recently pub-
lished but important papers were not included with fewer 
citations. Thirdly, immunotherapy is far-ranging, and some 
related papers were excluded due to selection bias, even though 
urology doctors were carefully selected.

Conclusions

This is the first bibliometric analysis to identify the character-
istics of T100 articles on immunotherapy for urological cancer 
and to reveal an overview of the whole study area and attempt to 
predict some future trends on the basis of current research. The 
USA made great contribution in the field of immunotherapy 
related to urological cancer. Renal, bladder and prostate cancers 
were the major organs treated by immunotherapy, especially by 
ICIs and vaccines. With deeper research on tumor immunology, 
the applications, predictive biomarkers, response or resistance 
mechanisms, combination strategies of ICIs and neoantigen- 
based vaccine therapy will be promising focuses of immunother-
apy research in the next few years.
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Table 5. Topic and organ distribution in the T100 articles.

Organ/other item Articles Immunotherapy/other item Articles

Renal 47 Immune checkpoint inhibitor 27
Cytokines 9
Adoptive cell transfer therapy 3
Cancer vaccine 3
Other 5

Prostate 29 Immune checkpoint inhibitor 13
Cancer vaccine 14
Adoptive cell transfer therapy 2
Other 3

Bladder 13 Bacillus Calmette-Guerin 8
Immune checkpoint inhibitor 4
Oncolytic virus therapy 1

Urothelial 11 Immune checkpoint inhibitor 11
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