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Abstract

The aim of this research is to use bibliometric analysis to investigate the status
and patterns of the 100 most frequently cited publications regarding the cytotoxic T-
lymphocyte-associated protein (CTLA-4) research for cancer. The articles published
on the topic were retrieved from the core collection database of Web of Science and
PubMed using the Medical Subject Heading (MeSH) of “CTLA-4” from 1986 to
December 6, 2020. The selected articles were examined and the bibliometric data
compiled based on the number of citations, the author’s name, journal, publication
year, institution, country, and co-occurrence keywords. 4,874 eligible papers were
returned from the Web of Science Core Collection Database and PubMed. The citation
frequency ranged from 2372 to 205, with a median of 460, and the top cited paper
had 2372 citations. The journals with the most papers were Cell (n= 8, 3541 citations,
Impact Factor (IF) = 41.577) and Journal of Experimental Medicine (n = 7, 2716
citations, IF = 10.790). Most of the published papers were from the United States of
America (USA) (41.8%). A total of 485 institutes and 29 countries were involved in
these 100 articles. There were 1192 authors and the author with the highest number
of papers was the Nobel Prize winner, Professor James P. Allison (17 papers; 8700
citations). CTLA-4 blockade was the most frequent keyword (42.1%), followed by
metastatic melanoma (4.26%). This work presents an important bibliographic source
and can be saved as a reference for future medical health research on the function of
CTLA-4 in cancer immunotherapy.
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Introduction

Cancer is a major public health
problem and one of the leading
causes of death in most countries. In
2020, about 19.3 million new cancer

cases were diagnosed, and almost 10
million cancer deaths were reported.!
In an unprecedented manner, 2.3
million (11.7 %) of the new diagnoses
were related to female breast cancer
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replacing lung cancer as the most frequently
diagnosed one (11.4 %) followed by colorectal
cancers (10.0 %).!

Cancer is a multifactorial disease of an
unexplained etiology. Cancer immunotherapy is
one of the options for treating cancer using the
immune system along with surgery and radiation
therapy. Efforts to manipulate the immune system
to recognize and eradicate tumor cells are very
old. In 1808, Louis XVII's physician was already
inoculating himself with breast cancer cells in
the hope of eradicating soft tissue sarcoma, but
to no avail.? The concept of immunosurveillance
dates back to the early 1950s: effector cells of
the immune system are said to actively patrol the
body to identify and eradicate emerging tumor
cells.? Recently, cancer treatment has progressed
and has been a point of interest, especially the
use of immunological checkpoint inhibitors. This
importance has been recognized by the awarding
of Nobel Prize for physiology or medicine 2018.
James P Allison and Tasuku Honjo were cited
for their research on the discovery of cytotoxic
T-lymphocyte-associated antigen-4 (CTLA-4)
and programmed cell death 1 (PD-1).4>

CTLA-4, also known as CD152 (cluster of
differentiation 152), is an immune checkpoint
and a negative regulator of T-cell immune
function; the gene that encodes for CTLA-4 in

4 B
Articles identified throught :

*  Web of Science (n=4562)

*  PubMed (n=3220)

humans is on chromosome 2 (q33).¢ The CTLA-
4 is localized in the intracellular compartment of
naive T lymphocytes and on the cell surface of
activated T lymphocytes.” After binding to CD80
or CD 86 on antigen-presenting cells (APCs), an
inhibitory signal is transduced into T cells.® The
inhibitory signal downregulates the action of
autoreactive T cells, thereby preventing an
autoimmune reaction in naive cells.’

Ipilimumab is an anti-CTLA-4 antibody and
the first inhibitory checkpoint inhibitor approved
by the United States Food and Drug
Administration (FDA) for treatment of
melanoma.!® Melanoma patients treated with
Ipilimumab have shown favourable survival
outcomes up to 3-4 years after starting the
therapy.!!

Different bibliometric analysis studies have
been carried out on the immunotherapy of various
pathologies, but our results provide a better
understanding of the current status and trend of
research via investigating their characteristics;
this study also summarizes the reasons for high
citation and how to improve the understanding
and management of the CTLA-4 molecule in
cancer immunotherapy and cancer.
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Figure 1. This figure shows the PRISMA diagram describing the collection of the 100 most cited papers on CTLA-4 molecule in cancer

research from the Web of Science and PubMed databases.
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Methods
Data Sources and index strategies
Bibliometrics study is widely used in clinical
research because it provides benchmark data that
can be used to understand the technological
dynamics, publish research results, make decisions
on scientific study topics, and determine the
novelty of projects. Extensive research was
conducted from the core collection database of
Web of Science and from PubMed using the
MeSH from 1986 to December 6, 2020 on a single
day, so as to avoid any update of the system and
exclude any papers irrelevant to CTLA-4 in cancer
research.!? We used the following keywords after
multiple iterations to conduct a detailed research:
term= (CTLA-4 or CD152 or cytotoxic T-
lymphocyte-associated protein or CTLA-4 antigen
or CTLA4 protein) and title= (cancer or tumor
or tumour or neoplasms or neoplasia or tumors
or tumours or cancers). Using such indexing
strategies, we analyzed research papers in the
areas of CTLA-4 and cancer to select the top 100
most cited papers according to the number of
citations with no restrictions on the publication
year, language or article type; furthermore, two
authors separately read the abstract of each article
to avoid any paper that was not related to our
topic of study and also to avoid any duplication.
The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) approach
indicates four steps to omitting, identifying and
extracting the data for a bibliometric review
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Figure 2. The interest towards CTLA-4 molecule in cancer research
was not stable between 2009 and 2018.
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(Figure 1).13 If articles shared the same number
of citations, they were given the same rank.
Data extraction

The outcomes were discussed in a meeting to
record this information: 1) the first author and
his/her affiliation, 2) the country and institutes
of the first author, 3) the number of citations for
each article, 4) the publication year, 5) the category
of article’s study.

Each journal was evaluated and the following
information was collected: 1) the impact factor
(IF) of journals was noted from the 2018 Journal
Citation Reports (JCR) (Clarivate Analytics,
Philadelphia, USA),!4 2) the number of articles
published, 3) the citation number of all articles.
Statistical analysis

The data downloads from PubMed and the
core collection database of Web of Science was
imported in Histcite version 12.03.17 to export
the information comprised of the selected articles:
author, journal, publication date, country, institute,
the language of papers and keywords.!>

The bibliographic coupling network (the
collaboration map) was designed by use of VOS
viewer 1.6.13 (Leiden University's Centre for
Science and Technology, Netherlands) to give a
view on the connection between authors, countries
and institutes using co-authorship relations (the
smaller the connection line, the closer the
relationship, and vice versa) and also to generate
the density and cluster maps of the most common
keywords.!® The VOS viewer is based on three
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Figure 3. The collaboration between the productive authors on
CTLA-4 molecule in cancer research was very high.
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characteristics, namely, size, colours, and distance.
Each node represents elements such as author
and country, and the size of each node indicates
the activity of that element.

All the data were presented using descriptive
statistics and no statistical significance tests were
performed.

Results
Distribution of journals and of the 100 papers

A total of 4,874 publications about the CTLA-
4 molecule in cancer research were published in
the core collection database of Web of Science
and in PubMed from 1992 to 2019, and only the
100 most cited were included in this article (Table
1); as shown in this table, the most cited paper
was written by Wolchok JD et al. with 2372
citations.

The 100 most cited papers were published in
40 journals between 2009 and 2018. Among the
top journals ranked in descending order, Cell had
the most with 8 papers (3541 citations, IF =
31.398), followed by Journal of Experimental
Medicine with 7 publications (2716 citations, IF
=10.790).Clinical Cancer Research and Science
both had 6 publications (2147 and 4838, citations
respectively, IF = 10.199 and 41.058, respectively).
The highest IF was attributed to New England
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israel »

poland

gerimany

singapore
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Journal of Medicine (IF =79.258). The USA had
the highest number of journals with 24 followed
by the United Kingdom (UK) with 11. The
Netherlands had 3 journals and Germany and
Switzerland both had one journal.
The citation rate index

A possible limitation of this type of study is
that historical manuscripts may accrue a larger
number of citations despite lacking the impact
of newer publications. We controlled for this
through creating the citation rate index (dividing
citations by the number of years since the paper
was published) (Table 2). The citation rate (CR)
for the top 10 manuscripts ranged from 338.6 to
186.20; the highest CR belonged to “nivolumab
plus ipilimumab in advanced melanoma”, and
the lowest CR to “Immune Checkpoint Blockade
in Cancer Therapy”.!7-!8 The USA had the most
papers in the top 10 citation rate with 9 followed
by UK with 1.
Study categories

The categories of the 100 most cited papers
of CTLA-4 molecule in cancer research were
Oncology (38 publications), followed by Multi-
disciplinary Sciences (17 publications),
Biochemistry & Molecular Biology and Medicine
(both had 8 publications), and Immunology and
Research Experimental with 7 papers.
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Figure 4. The collaboration between the active countries on CTLA-4 molecule in cancer research was very dynamic.
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Table 1. The top 100 cited paper on CTLA-4 molecule in cancer research

R Citations First author Location Year Ref R Citations First author Location Year Ref
1 2372 Wolchok JD USA 2013 [17] 51 332 Duraiswamy J USA 2013 [31]
2 1738 Snyder A USA 2014 [32] 52 332 Selby MJ USA 2013 [33]
3 1378 Sharma P USA 2015 [34] 53 331 O'Day SJ USA 2010 [35]
4 1248 Topalian SL USA 2016 [36] 54 328 Peng WY USA 2016 [37]
5 1208 Weber JS USA 2015 [38] 55 328 Chen Q China 2016 [39]
6 1022 Postow MA USA 2012 [40] 56 321 Sharma P USA 2011 [41]
7 931 Zang X USA 2018 [4] 57 310 Slovin SF USA 2013 [42]
8 880 Curran MA USA 2010 [43] 58 307 Garbe C Germany 2011 [44]
9 855 McGranahan N UK 2016 [45] 59 307 Reck M Germany 2013 [46]
10 806 Van Allen EM USA 2016 [47] 60 303 The Cancer USA 2017 [48]
Genome Atlas
Research Network
11 802 Gubin MM USA 2014 [49] 61 296 Geoffrey USA 2016 [50]
12 743 Ahmadzadeh M USA 2016 [51] 62 296 Zamarin D USA 2014 [52]
13 733 Sharma P USA 2018 [53] 63 296 Nishikawa H Japan 2014 [54]
14 728 Vetizou M France 2015 [55] 64 294 Melero I Spain 2015 [56]
15 723 Webers JS USA 2014 [57] 65 289 Khalil DN USA 2016 [58]
16 664 Spranger S UK 2015 [59] 66 288 Holmgaard RB USA 2013 [60]
17 658 Topalian SL USA 2017 [61] 67 288 Haanen J.B.A.G Netherlands 2017 [62]
18 635 Dewan MZ USA 2009 [63] 68 282 Gibney GT USA 2016 [64]
19 633 Chen DS USA 2017 [65] 69 276 Smyth MJ Australia 2015 [66]
20 627 Lynch TJ USA 2012 [67] 70 275 Farkona S Canada 2016 [68]
21 626 Hugo W USA 2016 [69] 71 274 Carthon BC USA 2010 [70]
22 606 Sharma P USA 2017 [71] 72 274 Boussiotis VA USA 2016 [72]
23 600 Tirosh I USA 2016 [73] 73 261 Gao JJ USA 2017 [74]
24 597 Kwon ED USA 2014 [75] 74 256 Boutros C France 2016 [76]
25 587 Simpson TR USA 2013 [77] 75 254 Dung T Le USA 2013 [78]
26 579 Chang CH USA 2015 [79] 76 252 Champiat S France 2015 [80]
27 568 Woo SR USA 2013 [81] 77 251 Patsoukis N USA 2015 [82]
28 553 Michot M France 2016 [83] 78 246 Ngiow SF Australia 2011 [84]
29 550 Akbay EA USA 2013 [85] 79 245 Page DB USA 2014 [86]
30 515 Llosa NJ USA 2015 [87] 80 245 Johnston RJ USA 2014 [88]
31 499 Peggs KS USA 2009 [89] 81 239 Bulliard Y USA 2013 [90]
32 493 Noman MZ France 2014 [91] 82 238 Victor D USA 2013 [92]
33 482 Feig C UK 2013 [93] 83 238 Tanaka A Japan 2016 [94]
34 471 Antoni R USA 2018 [95] 84 236 Schachter J Israel 2017 [96]
35 420 Sahin U Germany 2017 [97] 85 233 Voskens CJ Germany 2013 [98]
36 399 Royal RE USA 2010 [99] 86 232 Bertrand A France 2015 [100]
37 397 Chalmers ZR USA 2017 [101] 87 228 Palucka AK USA 2016 [102]
38 386 Chen LP USA 2015 [103] 88 228 Chen PL USA 2017 [104]
39 385 Quezada SA USA 2010 [105] 89 227 Ravi Ma USA 2019 [106]
40 378 Buchbinder EI USA 2016 [107] 90 225 Alfons M Netherlands 2019 [108]
41 377 Scott R USA 2012 [109] 91 225 Voron T France 2015 [110]
42 372 Okazaki T Japan 2013 [111] 92 224 Alsaab HO USA 2017 [112]
43 359 Zeng M USA 2013 [113] 93 223 Wainwright DA USA 2015 [114]
44 359 Encouse B USA 2013 [115] 94 216 Romano E Swizerland 2015 [116]
45 355 Michael A USA 2018 [117] 95 213 Jeffrey P USA 2013 [118]
46 342 Jeffrey S USA 2009 [119] 96 212 Kathleen M USA 2016 [120]
47 339 Ott PA France 2013 [121] 97 211 Kim K USA 2014 [122]
48 339 Cantwell-Dorris ER  Ireland 2011 [123] 98 208 Charoentong P Austria 2017 [124]
49 335 Sangro B Spain 2013 [125] 99 205 Claire M USA 2016 [126]
50 334 Peter U USA 2012 [127] 100 205 Wei SC USA 2017 [128]

R: Rank; Ref: Reference

Annual publications analysis

The publication trend of the papers on the
CTLA-4 molecule in cancer research is shown
in figure 2. In 2009, only 4 papers were highly
cited, while in 2010, there was a significant
increase of 2 articles to reach 6 papers. Following
this year; however, the papers decreased to only
3 papers. Since 2011, the number of highly cited

papers has undergone a remarkable change, going
from 3 to 20 papers in 2013. Between 2013 and
2016, there was a small variation with a mean of
16 papers. After 2016, the number of highly cited
papers sharply decreased from 19 to 2 papers.
These results indicate that the interest towards
CTLA-4 molecule in cancer research was not
stable between 2009 and 2018.

Middle East J Cancer 2023; 14(1): 1-16
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Distribution of authors and citations

Among all corresponding authors of the above
100 selected papers, Allison JP had the highest
number of publications with 17 papers, followed
by Wolchok JD with 15 and Robert C and Sharma
P both publishing 8 papers (Table 3).

Among these top 10 authors in table 3,
Wolchok JD is ranked first with the highest
number of citations (10316 citations), followed
by Allison JP with 8700 citations and Postow
MA with 6868 citations. The network map of 117
authors contained 903 links, meaning the
collaboration between productive authors was
very high (Figure 3).

Distribution of countries

The 100 most cited papers on CTLA-4
molecule in cancer research were contributed by
29 countries. The greatest number of publications
belonged to the USA (n=82) followed by France
(n=16) and Germany (n=12) (Table 4). Japan and
the UK provided the same number of papers (n=
4), and there is an active collaboration between
countries (Figure 4).

Distribution of institutes

Out of 270 institutes contributing to the top
100 publications on the CTLA-4 molecule in
cancer research, Memorial Sloan Kettering Cancer
Center (USA) had the most contribution with 24

(USA) (15 papers), University of Texas MD
Anderson Cancer Center (USA) (13 papers),
Dana-Farber Cancer Institute and Harvard
University (USA) with 10 papers both, and Weill
Cornell Medical College (USA) with 8 papers
(Table 5).

As shown in figure 5, the network map of the
153 institutes (from 270 institutes) contained 271
links which signifies that there is an active
collaboration between the active institutes (the
links between the nodes represent this
collaboration).

Co-occurrence of keywords analysis and clusters

A total of 490 keywords were extracted from
the top 100 highly cited papers on the CTLA-4
molecule in cancer research, and a density map
of these keywords was generated with the co-
occurrence (Figure 6). “CTLA-4 blockade” was
the highest with 33 (6.73%) co-occurrences,
followed by “metastatic melanoma” with 21
(4.26%), “Ipilimumab” and “immunotherapy”
with 22 (4.48%), and “expression” with 19 co-
occurrences (3.87%).

Clustering analysis was performed by 47 co-
occurrence keywords and created 586 links as
shown in figure 7. The network map includes 4
clusters: Cluster 1 contains “anti-PD1 antibody”
and “clinical activity”; Cluster 2 includes

publications, followed by Bristol-Myers Squibb ~ “metastatic melanoma”, “Ipilimumab”,
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Figure 5. There was an active collaboration between the active institutes on CTLA-4 molecule in cancer research.

Middle East J Cancer 2023; 14(1): 1-16




CTLA-4 Molecule in Cancer Research: A Bibliometric Analysis

Table 2. Top 10 papers with the highest citation rate

Rank  Citation rate First author Title Institution Country
1 338,86 Wolchok JD Nivolumab plus ipilimumab Yale University School of Medicine USA
in advanced melanoma and Yale Cancer Center, New Haven USA
2 289,67 Snyder A Genetic basis for clinical Department of Medicine
response to CTLA-4 Columbia University
Blockade in melanoma Anderson Cancer
3 275,60 Sharma P The future of immune Center, Houstons USA
checkpoint therapy
4 249,60 Topalian SL Immune checkpoint blockade: University School of Medicine, USA
a common denominator Baltimore, Maryland
approach to cancer therapy  Department of Surgery
5 241,60 Weber JS Nivolumab versus Moffitt Cancer Center, USA
chemotherapy in patients Magnolia Campus
with advanced melanoma
who progressed after
anti-CTLA-4 treatment
(CheckMate 037): a
randomised, controlled,
open-label, phase 3 trial
6 235,50 Ribas A Cancer immunotherapy Parker Institute for Cancer USA
using checkpoint blockade ~ Immunotherapy Center
at the University of
California Los Angeles
7 213,75 McGranahan N Clonal neoantigens elicit The Francis Crick Institute, UK
T cell immunoreactivity
and sensitivity to immune
checkpoint blockade
8 211,00 Chen DS Elements of cancer Genentech USA
immunity and the
cancer—immune set point
9 202,00 Sharma P Primary, adaptive and Department of Genitourinary USA
acquired resistance to Medical Oncology and
cancer immunotherapy Immunology, The University
of Texas MD Anderson
Cancer Center
10 186,20 Postow MA Immune checkpoint Memorial Sloan USA

blockade in cancer
therapy

Kettering Cancer Center

“lymphocyte-associated antigen 4, “antitumor
immunity”, “autoimmunity”, “anti CTLA-4” and
“clinical response”; Cluster 3 consists of
“melanoma”, “safety”, “CTLA-4” and
“immunotherapy”; and Cluster 4 comprises
“CTLa-4 blockade”, “cancer”, “expression”, “PD-

1 blockade” and “regulatory T”.

Discussion
The overall purpose of this study was to extract
papers through the Web of Science Core

Collection Database and PubMed, then review
them to collect those related to the CTLA-4
molecule in cancer research and ranked by the
number of citations to find out which articles are
most cited and which countries and authors are
active. Afterwards, we identified 100 papers
ranked between 2009 and 2018. During these
decades, numerous immunotherapy studies were
published regarding different types of cancer,
such as brain cancer, sarcomatoid, non-small cell
lung cancers and breast cancer,!9-24 114- 116

Middle East J Cancer 2023; 14(1): 1-16
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Table 3. The top 10 authors for the top cited publications on CTLA-4 molecule in cancer research

Rank Authors Number of publications in top 100 Number of global citations
1 Allison JP 17 8700
2 Wolchok JD 15 10316
3 Robert C 8 2885
4 Sharma P 8 4006
5 Postow MA 7 6868
6 Korman AJ 6 4867
7 Ribas A 6 3953
8 Carbonnel F 5 2077
9 Freeman GJ 5 2147
10 Mateus C 5 2022

The article by Jedd D. Wolchok et al. published
in the New England Journal of Medicine in 2013
had the most citations (2372 times). The purpose
of this study was to conduct a phase 1 trial of
nivolumab associated with ipilimumab in patients
with advanced melanoma to understand the effect
of this combination on 53 patients.?

According to our results, the USA comprised
41.8% of the contribution, while the other 28
countries shared the rest (58.17%). The
contribution percentage of USA is similar to those
reported by other bibliometric analyses such as
anti-CTLA4 in tumor immunotherapy in China
(USA: 51.9%, study period :1996 to 2015), PD-
1 and PD-L1 in the field of cancer (47.51%, study
period: 1991-2018), Holistic Evaluation of PD-
1 and PD-L1 (45.7%, study period : 1975 and
2017), and Immunotherapy for Childhood

& VOSviewer

Leukemia (35.21%, Study period : 2000 and
2018).24-27

The top eight institutes were all American with
25.20%. The Memorial Sloan Kettering Cancer
Center ranked first in this study. This result differs
from other bibliometric analyses in which this
institute ranked seventh in the 100 most cited
cancer immunotherapy studies and tenth in a
paper on the holistic evaluation of articles on PD-
1 and PD-L1 published between 1975 and
2017.23:27

A total of 40 journals were involved in this
study. The Cell, Journal of Experimental,
Medicine, Clinical Cancer Research, Science
Journals together published 27% of the 100 most
cited papers. These four journals are issued from
the USA. Professor James P. Allison and Jedd
Wolchok are the principal authors with 32 papers,

antibody

Figure 6. The map of the keywords for the 100 most cited papers on CTLA-4 molecule in cancer research was very dense for the

keywords related to immunotherapy.
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Table 4. The top 12 countries for the top cited publications on CTLA-4 molecule in cancer research

Rank Country Number of publications
1 USA 82
2 France 16
3 Germany 12
4 Japan 8
5 UK 8
6 Netherlands 7
7 Switzerland 7
8 Austria 6
9 Australia 5
10 Canada 5
11 Italy 5
12 Belgium 4

which is normally explained by his discovery of
checkpoint molecule.

Based on the results of the co-occurrence
keywords, the top 100 most cited articles covered
various aspects of immunotherapy in childhood
leukemia, such as leukemia type, immunotherapy
type and also immunotherapy mechanisms, such
as CTLA-4 blockade, Ipilimumab, PD-1 blockade,
and regulator T-cells. These keywords play an
essential role in tumour immunity.2?? Likewise,
the results of keywords were found in the
bibliometric analysis of research on PD-1 and
PD-L1 in the field of cancer.?*

This type of study has an impact on other

scientific and professional communities, but this
manuscript has the potential for several types of
bias which may affect the results. Firstly, some
articles are not found in the core collection
database of Web of Science, but they are in other
sources such as Scopus. Second, the number of
citations does not prove that the article is very
important because of self-citations. Third, this
could be explained by the fact that the search
based on the title and the content is not specific.
Fourth, it is possible that several first authors will
have co-authored other papers in the top 100 and
are therefore underrepresented in the current study
format, a further limitation is the inclusion of
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Figure 7. The network map analysis for the 100 most cited papers on CTLA-4 molecule in cancer research was performed by 47 co-

occurrence keywords and included 4 separated clusters.
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Table 5. The top 10 institutes for the most cited papers on CTLA-4 molecule in cancer research

Rank Institute Number of publications
1 Memorial Sloan Kettering Cancer Center 24
2 Bristol-Myers Squibb 15
3 University of Texas MD Anderson Cancer Center 13
4 Dana-Farber Cancer Institute 10
5 Harvard University 10
6 Weill Cornell Medical College 8
7 University California Los Angeles 7
8 Johns Hopkins University 6
9 The Netherlands Cancer Institute 6
10 Juntendo University 5

only first and senior authors and the institution
of the first author.

Conclusion

The aim of the present article was to analyse
and provide a comprehensive overview of the
state of CTLA-4 checkpoint immunotherapy in
cancer research. A literature analysis about CTLA-
4 molecule in cancer research was performed
from the Core Collection Database of Web of
Science, followed by a statistical descriptive
analysis of the annual publication, suggesting
that most of the papers about CTLA-4 molecule
decreased sharply after 2016. The countries and
authors with the most contributions were all
included in the developed classification in the
United Nations (UN) rankings.3? Therefore, this
paper could be used as a resource for the research
committee and trainees to encourage them to
focus more on CTLA-4 immunotherapy research
in cancer and to fund more research studies on
CTLA-4.
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