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the treatment of Ewing sarcoma as a research hotspot.

Background Ewing sarcoma has attracted more attention in recent years but has yet to be bibliometrically analyzed.
Hence, this study investigated the trend of Ewing sarcoma over the past 30 years with bibliometric analysis.

Methods Original publications related to Ewing sarcoma were obtained from the Science Citation Index Extension
(SCI-E), Social Sciences Citation Index (SSCI), and Web of Science Core Collection (WoSCC) between 1993 and 2022.
CiteSpace and VOSviewer were used to extract the countries/regions, institutions, authors, journals, references, and
keywords involved in this topic to identify and analyze the research hotspots and trends in this field.

Results Over the past 30 years (especially in the past five years), the number of articles published on Ewing sarcoma
continued to increase, and the most published country was the United States of America (USA). High-frequency

family", "bone", "
mal tumor", "prognostic factors", "children’, and "survival rate". According to the analysis of keyword saliency of Ewing
sarcoma, we found that "chromosome translocation”, "intergroup’, "sarcoma’,
oncology group" were emerging research hotspots. The timeline of the cluster map of co-cited literature indicated

that the treatment of Ewing sarcoma emerged as a research hotspot.

Conclusion Researchers understanding of Ewing sarcoma has improved dramatically over the past 30 years. At
present, the research hotspots of Ewing sarcoma mainly focus on the aspects of "chromosome translocation”, "inter-
group’, and "sarcoma". In addition, the timeline of the cluster map of co-cited literature indicated the emergence of
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chemotherapy', "expression”, "primitive neuroectoder-

genomic landscape", and "children
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Introduction

Ewing sarcoma ranks second among orthopedic malig-
nant tumors, behind osteosarcoma [1]. It is common
in adolescents, and the incidence rate accounts for 10
to 15% of orthopedic tumors [2]. The peak incidence
occurs at the age of 15, and the incidence rate in males
is higher than in females, with a ratio of 3:2 [3]. Although
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Ewing sarcoma accounts for only 1% of human malignant
tumors, it is extremely aggressive and can rapidly metas-
tasize to the lung and other tissues. The five-year overall
survival rate of patients with both Ewing sarcoma and a
localized disease is between 65 and 75% [4]. The common
symptom of Ewing sarcoma is intermittent pain in chil-
dren and adolescents, which may complicate and delay
the diagnosis process and is often neglected. The survival
rate of patients is approximately 70% after five years and
decreases sharply to 30% after 10 years. Tumor metasta-
sis at the time of diagnosis further reduces the survival
rate after five years to only 25% [3]. The poor survival rate
of Ewing sarcoma has since gained awareness.
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Bibliometric analysis is a method of using math-
ematical and statistical techniques to analyze books,
articles, and other literature for a general understand-
ing of a new field. It is also a tool to explore the struc-
ture and trends of a topic through visualization and
statistics for a quantitative assessment of the impact
of research literature on selected research areas, coun-
tries/regions, research collaborations, journals, institu-
tions, and authors in a given period [5, 6]. Compared
with traditional systematic reviews and meta-analyses,
bibliometric analysis can reveal key issues and devel-
opments in the field of interest more systematically
and intuitively, thereby guiding future research [7].
CiteSpace is a visual analysis software that studies the
structure, patterns, and distribution of research areas
[8]. VOSviewer software is effectively used for knowl-
edge domain mapping [9]. VOSviewer and CiteSpace
can directly reflect the development of the research
field by providing a large amount of data, including the
productivity of authors and institutions, geographical
distribution by region, and the results of collaborative
relationships, and they are widely used in a variety of
application areas [8, 9].

Bibliometrics and visualization methods have been
used for osteosarcoma, osteoarthritis, osteonecrosis
of the femoral head, and other orthopedic diseases.
However, a review of Ewing sarcoma using bibliomet-
rics and visualization methods has not been published
to investigate the longitudinal and transverse char-
acteristics of Ewing sarcoma, trends, and its multiple
branches. Hence, this study explored the major con-
tributors to the field over the past two decades and
identified the hotspots and research trends in various
aspects. The results of this study provided new insights
on Ewing sarcoma to global research teams and ortho-
pedic specialists.
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Materials and methods

Data collection and search strategy

In this study, bibliometric analysis was performed using
the Science Citation Index Extended Edition and the
Social Sciences Citation Index of the WoSCC data-
base. The search phrase was: Title=(Ewing sarcoma*
OR Ewing’s sarcoma* OR Ewing tumor* OR Ewing’s
tumor*). The language of the document was limited to
English. Relevant publications between 1993 and 2022
were searched from the database, and only original arti-
cles and reviews were included in our analysis. Confer-
ence abstracts, editorial material, correspondence, and
book chapters were excluded. The detailed flow chart
of the article selection process in this study is displayed
in Fig. 1. To avoid bias from database updates, all pub-
lication searches and file downloads were conducted on
September 21, 2022. Two researchers in the study inde-
pendently examined data collection and input. The differ-
ences in the results obtained by the two researchers were
resolved through discussion or consultation with experts
in the field to reach a consensus.

Bibliometric analysis
Data was converted into text documents before upload-
ing into the bibliometric analysis software. CiteSpace 6.1
R3, 64-bit (Drexel University, Philadelphia, PA, USA),
VOSviewer 1.6.11(Leiden University, the Netherlands),
and the Bibliometrics Online Analysis platform (http://
bibliometric.com/) were used to locate the network char-
acteristics of co-cited references, keywords, countries,
institutions, authors, journals and "keyword burst" and
visually present the results. The 2022 journal citations
report was analyzed, including its impact factor category
quartiles, and category ranking.

VOSviewer can be used to construct "scientific knowl-
edge networks" that map the evolution of research

Records identified through Web of science core collection, Title=(ewing sarcoma* OR ewing'’s sarcoma* OR ewing
tumor* OR ewing's tumor
*) ;Search period:1993-2022;All languages;All document types(n=5379)

l
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non-English item(n=123)

5256 items were identified
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v
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Fig. 1 Article selection process

2240 items(including meeting
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charpters,letters,proceeding
paper letter,book chapters,expression of
concern,editional material)


http://bibliometric.com/
http://bibliometric.com/

Han et al. BMC Cancer (2023) 23:272

fields and institutional collaborations and predict future
research hotspots. In this work, VOSviewer was used
to visually estimate word co-occurrence and construct
density maps. The co-occurrence analysis function in
VOSviewer can be used to classify keywords into differ-
ent categories, which are represented by different colors.
Cluster analysis of research hotspots can be visualized,
and the keyword co-occurrence network can predict the
growth trend.

A series of publication analyses were performed using
CiteSpace to identify research hotspots for Ewing sar-
coma. The analysis included publications, co-cited refer-
ences, and relevant keywords. In the constructed network
visualization, nodes reflect observed items, with larger
nodes representing items that occur more frequently.
In addition, CiteSpace was used to analyze centrality,
a metric that defines the importance of network nodes,
where more prominent nodes represent higher centrality.
Centrality is used to measure the importance of a node’s
position in a network. The higher the centrality, the more
connections in the network that pass through that node.

Results

Overview of publications

From 1993 to 2022, a total of 3016 original articles on
Ewing sarcoma were published. Over the past 30 years,
there has been an overall increase in the number of stud-
ies related to Ewing sarcoma (Fig. 2). At the same time,
the magazines publishing about Ewing sarcoma also dem-
onstrated a growing trend, with the highest increment
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recorded between 2015 and 2021. Ewing sarcoma-related
articles were published the most in 2021, accounting for
about 7% of all original articles on Ewing sarcoma (Fig. 3).

Distribution of countries/regions and institutions

Figure 4 illustrates the national collaboration network
for Ewing sarcoma research. All the data were analyzed
in CiteSpace, and the results are displayed in Table 1.
The USA had the largest number of Ewing sarcoma-
related articles, with 1082 articles, followed by Germany
with 298 articles, Italy with 252 articles, China with 249
articles, Japan with 220 articles, Spain with 181 articles,
France with 167 articles, India with 155 articles, England
with 150 articles, and Austria with 122 articles. The USA
accounted for about 35.9% of articles (Table 1). Centrality
is an index that defines the importance of network nodes,
where more prominent nodes represent higher centrality.
In the study of Ewing sarcoma, the USA had the highest
centrality (0.39), followed by Germany (0.18) and Eng-
land (0.17) (Table 1). In cooperative networks, higher
centrality represents closer cooperation. The country-
based research network map displayed a lower density,
indicating the relative independence of the research
teams and the need for further collaboration.

Similarly, the top five institutional cooperation
included NCI (73), Mem Sloan Kettering Canc Ctr (70),
Univ Texas MD Anderson Canc Ctr (70), Ist Ortoped
Rizzoli (66), and Ist Curie (49) (Table 2). Among these,
NCI centrality was the highest at 0.31, followed by
Mem Sloan Kettering Canc Ctr (0.20) and Univ Texas
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Fig. 2 The number of publications on Ewing sarcoma research from 1993 to 2022
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MD Anderson Canc Ctr (0.11) (Fig. 5; Table 2). The low
centrality of all institutions indicated low inter-agency
cooperation.

Author network analysis

VOSviewer analysis of the authors of published Ewing
sarcoma articles revealed that Juergens Heribert pub-
lished the most articles (84), followed by Picci Piero (83),
Dirksen Uta (76), and Scotland Katia (66). Similarly, the
number of citations per article is a measure of the qual-
ity of the article. Paulussen Michael ranked first with
approximately 95.05 citations per article, followed by
Juergens Heribert with 55.35 citations per article, and
Kovar Heinrich with about 54.68 citations per article
(Table 3). The distribution of collaboration revealed the
dispersed relationship between these authors, indicating
poor collaboration between academics (Fig. 6).

Analysis of the number of publications

Pediatric Blood & Cancer had the largest number of
publications (128), followed by the Journal of Pediatric
Hematology Oncology (77) and Cancer research (68). In
terms of the average number of citations, the Journal of
Clinical Oncology had the largest average number of cita-
tions (129.69), followed by Cancer Research (77.97) and
Oncogene (59.04). Most of the top 10 journals were in
JCR Q1 (Table 4).

GERMANY @ CHINA
AUSTRIA
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Funding sponsorship

Ewing sarcoma research has received support from a
variety of funding agencies. The top three funding agen-
cies were the USA Department of Health & Human Ser-
vices, the National Institutes Of Health (NIH) USA, and
the National Cancer Institute (NCI) (Table 5).

Keywords co-occurrence analysis

Through VOSviewer, keyword co-occurrence analysis
was performed for Ewing sarcoma articles. Keyword co-
occurrence analysis refers to the frequency of two key-
words appearing in the same article. Similarly, the size
of the circles and the thickness of the lines represent the
frequency of keyword occurrences and co-occurrences.
These keywords were searched in 3016 articles. When
the frequency of occurrence was screened to 20, only 226
articles met the conditions. The frequency in the top 10
included “Ewing sarcoma” (n=1789), “tumor” (n=904),
"family" (1#=602), "bone" (n=580), "chemotherapy"
(n=453), "express" (n=425), "primitive neuroectodermal
tumor” (n=2365), "prognostic factors" (n=286), "chil-
dren" (n=262), and "survival rate" (n=253) (Fig. 7A).
According to the clustering of keyword co-occurrence,
the keywords were divided into four groups: Ewing sar-
coma gene expression group (red color), Ewing sarcoma
diagnosis group (blue color), Ewing sarcoma prognosis
group (green color), and Ewing sarcoma treatment group
(yellow color) (Fig. 7A). The keywords were measured



Han et al. BMC Cancer (2023) 23:272

Page 5 of 13

2w
7 2 g
A% Zs
2% 0 Z
S Ttz >u
S (o) A [
°3 ) %(7 2
» Z, % 76'7
oo
49 Vo T\
4, NN
Sy, ot
24 S0
Qq%oq"'-
L S R N N,
TR \
8 R"égv A~
ULG /4
Lux ZRUGURA ——
EMBOU ——
PORTUGA[ -
PHILIPPINES -~
BOSNIA & HERCEG ~—— s
MOROCCO - =
CYPRUS —
sERB\A/ A
\ =
ceoON L — A
MA \RP‘OE/ 7
pO™

e ——

DIMgnd3y HO3ZO

i / — R ’;uw;;'mm ol eruem.mos
/ " X 1
- e e
TRIA D

eRAEI.
&AN @GLAND

CiteSpace
-

Fig. 4 Cooperation of countries on Ewing sarcoma research publications from 1993 to 2022. Different colors denote different countries. The size
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Table 1 Top 10 countries with the most studies on Ewing sarcoma from 1993 to 2022

Rank Article Counts Centurality Score Country

1 1082 0. 39 USA
2 298 0. 18 GERMANY
3 252 0.11 ITALY
4 249 0. 04 PEOPLES R CHINA
5 220 0. 05 JAPAN
6 181 0. 05 SPAIN
7 167 0. 08 FRANCE
8 155 0.01 INDIA
9 150 0. 17 ENGLAND

10 122 0. 01 AUSTRIA
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Fig. 5 Cooperation of collaborations relating to Ewing sarcoma research publications from 1993 to 2022. The size of each node represents the
frequency of node occurrence. High centrality nodes with purple rings indicate a turning point or pivot point in the domain. Centrality is used to
evaluate the importance of a node in a network, where centrality corresponds with the number of links passing through the node

by the depth of the color of the area. Research work
was focused on the diagnosis of Ewing sarcoma before
2010 (dark color), followed by the prognosis and gene

expression of Ewing sarcoma from 2010 to 2014 (inter-
mediate color), and the treatment of Ewing sarcoma
after 2014 (light color) (Fig. 7B). Meanwhile, the density
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Table 2 Top 10 collaborations with the most studies on Ewingsarcoma from 1993 to 2022.
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Rank Article Counts Centurality Score Institutions Total Link Strength
1 85 0. 08 NCI 454
2 78 0. 07 Mem Sloan Kettering Canc Ctr 390
3 75 0.04 Univ Texas MD Anderson Canc Ctr 308
4 72 0.03 Ist Ortoped Rizzoli 307
B) 55 0.07 Inst Curie 204
6 54 0. 04 Univ Munster 231
7 43 0.04 Leiden Univ 112
8 41 0. 02 Mayo Clin 237
9 40 0.01 Univ Michigan 119

10 39 0. 06 Stanford Univ 157
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Fig. 6 Collaboration of authors on Ewing sarcoma research from 1993 to 2022. Different clusters are represented by different colors

of the keywords was measured by the color intensity in
VOSviewer. The hotspot of this research was often in the
red area (Fig. 7C).

Keywords emergent analysis

CiteSpace was used to analyze the emergence of key-
words in Ewing sarcoma. The blue line represented
the total timespan, and the red line marked the out-
break period to indicate the start and end of the out-
break. From 1993 to 2010, the outbreak intensity of

chromosome translocation was the largest (n=24.3).
From 2010 to 2016, the outbreak intensity of the chil-
dren’s oncology group was the largest (n=20.88). After
2016, the outbreak intensity of the genomic landscape
was the largest (n=22.45) (Fig. 7D).

Analysis of the most commonly co-cited articles

The top 10 co-cited articles on Ewing sarcoma are
listed in Table 6, with citations ranging from 206 to
485. Delattre O had the highest number of co-citations
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Table 3 Top 10 authors with the most published studies onEwing sarcoma from 1993 to 2022

Rank Authors Article Counts Citations Mean citations/Paper

1 juergens, heribert 94 5203 55. 35106383

2 picci, piero 83 3988 48. 04819277

3 dirksen, uta 76 2877 37. 85526316

4 scotland, katia 66 2853 43. 22727273

5 kovar, heinrich a7 3117 24. 68421053

6 ferrari, stefano 46 1985 43. 15217391

7 lessnick, stephen 41 1928 47. 02439024

8 paulussen, michael 38 3612 95. 05263158

9 de alava, enrique 35 1798 51. 37142857

10 ranft, andreas 34 1001 29. 44117647

Table 4 Top 10 publications on Ewing sarcoma from 1993 to 2022

Rank Journal Article Counts Citations Mean citations/Paper IF JCR
1 PEDIATRIC BLOOD & CANCER 128 2637 20. 6015625 3.8382 Q2
2 JOURNAL OF PEDIATRIC HEMATOLOGY ONCOLOGY 77 832 10. 80519481 1. 1699 Q4
3 CANCER RESEARCH 68 5302 77.97058824 13.3121 Q1
4 ONCOGENE 67 3956 59. 04477612 8. 7558 Q1
5 CLINICAL CANCER RESEARCH 58 2579 44. 46551724 13.8015 Q1
6 JOURNAL OF CLINICAL ONCOLOGY 55 7133 129. 6909091 50. 7187 Q1
7 PLOS ONE 52 1669 32.09615385 3.7521 Q1
8 CANCER 46 2443 53. 10869565 6. 9209 Q1
9 ONCOTARGET 45 1095 24. 33333333 0 0
10 INTERNATIONAL JOURNAL OF CANCER 41 1399 34.12195122 7.3161 Q1

Table 5 Top 10 funding agencies for Ewing sarcoma researchfrom 1993 to 2022

Rank Funding agency Number of papers
1 United States Department of Health Human Services 482
2 National Institutes Of Health Nih Usa 480
3 Nih National Cancer Institute Neci 400
4 European Commission 119
) Deutsche Krebshilfe 71
6 National Natural Science Foundation Of China Nsfc 67
7 Federal Ministry Of Education Research Bmbf 46
8 Fondazione Airc Per La Ricerca Sul Cancro 43
9 Ministry Of Education Culture Sports Science And Technology Japan Mext 37
10 Nih National Institute Of General Medical Sciences Nigms 34

(n=485), followed by Grier HE and Cotterill S] with
405 and 400 co-citations, respectively. Most of the arti-
cles were published before 2010, and the co-cited arti-
cles were all in the Q1 of JCR (Table 6).

Analysis of co-cited reference

The analysis of citations is considered an important part
of bibliometrics research. Figure 8A illustrates the visual
network of co-cited references, consisting of 433 nodes

and 2198 links. Each node represents a cited article, and
links between nodes indicate the frequency of the same
citations. The diameter of a node is proportional to the
frequency with which references were cited. The fre-
quency of references to the same article is represented by
links between nodes. The node diameter is proportional
to the total number of articles co-cited. The develop-
mental stages of a domain can be connected by nodes,
where centrality is indicated by a thick purple ring.
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Fig. 7 Co-occurrence analysis of global Ewing sarcoma studies from 1993 to 2022 based on the WoSCC database. A Mapping of keywords in the
research domain. Different clusters are represented by different colors. B Mapping time distribution of keywords in the research domain. Different
clusters are represented by different colors. C Keyword distribution according to the average frequency of occurrence. Red keywords represent the
highest frequency. D Keywords with the strongest citation in Ewing sarcoma studies

The references were divided into 10 groups: Ewing
sarcoma, MSC, childhood cancer, apoptosis, trabect-
edin, targeted therapy, EWS gene, predictive factor,
radiation therapy, and Ewing-like sarcoma. After col-
lating the cited literature into a sequence diagram, the
treatment of Ewing sarcoma became a hotspot (Fig. 8B
and C). Most of the articles were published in JCR Q1
journals, indicating the importance of Ewing sarcoma
research (Fig. 8D).

Distribution of links between journals

The distribution of links between journals was displayed
in a dual map overlay of journals, with the citing jour-
nals on the left and the cited journals on the right. The
described relationships were represented by colored
routes connecting them. These labels represented the
topics covered by the journals. The primary reference
paths were labeled as two green paths and one orange
path. The green path illustrated studies published in
Molecular/Biology/Genetics and Health/Nursing/Medi-
cine journals that were cited by Medicine/Medical/
Clinical journals. The orange route illustrated studies
published in Molecular/Biology/Genetics journals that

were cited by Molecular/Biology/Immunology journals
(Fig. 9).

Discussion

Ewing sarcoma is the second most common osteosarcoma
in children. The most common sites for Ewing sarcoma
metastasis are the lungs and bone marrow [1]. The five-
year survival rate for patients with localized disease is
60 to 70% as compared with 20 to 45% of patients with
metastatic disease [10]. However, the prognosis of Ewing
sarcoma has improved over the past decades with the use
of multimodal treatment including chemotherapy, sur-
gery, and radiotherapy [11]. However, a large proportion
of patients with Ewing sarcoma did not report improved
treatment outcomes. Therefore, it is necessary to under-
stand Ewing sarcoma by analyzing past research data. This
study reported for the first time the quantitative and qual-
itative bibliometric analysis of Ewing sarcoma research,
covering 3016 research articles from WoSCC. The results
revealed that the total number of Ewing sarcoma-related
research papers published annually worldwide has gradu-
ally increased over the past three decades, reflecting its
growing importance in the field of orthopedics.
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Table 6 The top 10 co-cited articles on Ewing sarcoma from1993 to 2022

Rank Title Totd
citations
1 Gene fusion with an ET S DN&-binding dorain 485

causedby chromosome trandocaion in human
tumours

2 Addition of ifosfamide and etoposide to 405
standard chemotherzpy for ewing sarcoma and
primitive neuroectodermal turmor of bone

3 Proghostic factorsin ewing tumor of bone: 400
andysis of 975 patients from the European
Intergroup Cooperative ewing Sarcoma Study
Group

4 The Ewing family of turmors--a subgroup of 345
smdl-round-cell tum ors defined by specific
chirmeric transcripts

) Multimodd therapy for the management of 224
primary, nonmetastatic ewing sarcoma of
bone: along-term follow-up of the First
Intergroup study

6 Changesinincidenceand survivd of Ewing 218
sarcorma patients over the past 3 decades:
Surveillance Epidemiology and End Results data

7 Ewing Sarcorna Current Management and 216
FutureApproaches Through Collzboration

8 Ewing’s sarcoma 215

9 A second ewing sarcoma translocation, 206
1(21,22), fusesthe BEWS geneto another
ETS-family transcription factor, ERG

10 Randomized controlled trial of 206
intervd-compressad chemotherzpy for the
treament of localized Ewing sarcora: areport

fromthe Children's Oncology Group

Of the 3016 articles, the USA contributed 35.9% of the
research articles, demonstrating the strong collaboration
and highest centrality with other countries. This was fol-
lowed by Germany, Italy, and China, with lesser coopera-
tion and relatively low centrality. These countries should
strengthen international cooperation, especially with
leading countries in Ewing sarcoma research. In addi-
tion, more than half of the top 10 research institutions
are located in the United States, which promotes the

First Year Journd
author
delattre o 1992 Mature
grier he 2003 MNew Engl J Med
cotterill sj 2000 J Clin Oncol

delattre o 1994 Mew Engl J Med

nesbitme 1990 J Clin Oncol
esiashvili n 2008 J Pedia Hematol Onc
gaspar n 2015 J Clin Oncol
balamuth 2010 LancetOncol
nj
sorensen 2004 Mat Genet
phb
womerrb 2012 J Clin Oncol

progress and development of Ewing sarcoma research.
This trend reflects the advancement of Western medical
research and the urgency for an effective Ewing sarcoma
treatment. NCI, Mem Sloan Kettering Canc Ctr, Inst
Curie, and Univ Texas MD Anderson Canc Ctr have the
strongest partnerships with other institutions. In terms
of fund sponsorship, most of the top 10 fund-sponsoring
countries are in Europe and the USA, indicating the high
investment in Ewing sarcoma research. China and Japan
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Top 20 References with the Strongest Citation Bursts

References Year Strength Begin End 1993202

Deatre O, 1992, NATURE, V359, P162, DO 10.1038735916220, DOI 199 2383 1993 1997 .
Deatre O, 1994, NEW ENGL J MED, V331, 2294, DOL 10.I0SNEIMIOOH0043310503, DOL 1994 3076 1995 1999 _ s
Soreasen PHB, 1994, NAT GENET, V6, P146, DOT 10.1038:2g0294-146, DOL 1998 2346 1995 1999
JeonS, 1995, ONCOGENE, V10, PI229 1995 22771996 2000 .
e Aa, 1098, ] CLIN ONCOL, V16, P1248, DOT 10.12007C0.1998.16:4.1248, DOL 1998 2599 1999 2003 .
‘Arvand A, 2001, ONCOGENE, V20, PS747, DOI 10.10385onc. 1204598, DOL W1 2833 200 206 P—
Paissea M, 2001, J CLIN ONCOL, V19, PISIS, DO 10.12001C0200L196.1818,DOL 2001 2375 2002 2006 .
GrierHE, 2003 ED, V348, P64, DOT 10,1056 NEMM0a020890, DOI 005 3601 2004 2008 —
Prieur A, 2004, MO I0L, V24,7275, DL 10.1128MCB24.16 W04 2364 2005 2009 —
Bernstén M, 2006, ONCOLOGIST, V11, PS03, DOT 10,1634 theoncologis 1 06 264 2007 201 e
Teode F, 2007, CANCER CELL, V11, P421, DOT 10.10167 ccr2007.02.07, m 2m2 —
Bty NCET ONCOL, V11, P184, DOL 10.1016/S1470- W0 310M N0 —
Ladenstein R, 2010, J CLIN ONCOL, V28, P3284, DOI 10.12007C0.X W0 2578200 N5 —
Womer R8, 2012, ] CLIN ONCOL, V30, P4148, DOI 10.12001C0 201141 WM 082004 00 —
Brohl AS, 2014, PLOS GENET, V10, P0, DOT 10,137 journal pge. 1004475, DOL W 1K W P
Crompton BD, 2014, CANCER DISCOV, V4, P1326, DOI 10.1 CDA3037,D01 014 3434 200 i

2000 NW 2932005 209 .

W4 2608 2006 2019 F—
s 6139 200 .

Grunewald TGP, 018, NAT REV DIS PRIVERS, V4, 20, DOI 10,1038 180003 DOL 018 6954 2019 2022 P

Fig. 8 A Map of co-cited references in Ewing sarcoma research from 1993 to 2022. The size of each node represents the frequency of an item'’s
occurrence. High centrality nodes with purple rings indicate a turning point or pivot point in the domain. Centrality was used to evaluate the
importance of a node in a network, where the centrality corresponded with the number of links passing through the node. B Clustering network
diagram of co-cited reference in Ewing sarcoma research from 1993 to 2022. Different colors denote different clusters. C A timeline view of co-cited
clusters of Ewing sarcoma with cluster labels from 1993 to 2022. D Top 20 references with the most citation burst in Ewing sarcoma from 1993 to

2022
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Fig. 9 Dual map of journals published on Ewing sarcoma from 1993 to 2022. The cited journal is on the right, the citing journal is on the left, and

the straight path represents the citation relationship
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were also in the top 10 countries sponsored by the fund,
indicating the promising research of Ewing sarcoma in
Asia.

Juergens Heribert has published the most articles on
Ewing sarcoma with 94 articles, followed by Picci Piero
(83), Dirksen Uta (76), and Scotland Katia (66). These
researchers are mainly situated in Europe and the USA
and had worked in orthopedic or oncology departments
at their university hospitals. Therefore, strengthening
the communication and cooperation among researchers
around the world will help the development of Ewing sar-
coma research.

The most published journals of Ewing sarcoma are
the top journals in the oncology field, including Can-
cer Research, Clinical Cancer Research, and Journal of
Clinical Oncology. The publication of these journal arti-
cles on Ewing sarcoma demonstrated that Ewing sar-
coma remains a major issue for orthopedic and oncology
research. From 1993 to 2002, the top 10 co-cited litera-
ture proved that Ewing sarcoma research focused mainly
on its treatment.

For keyword co-occurrence, the top 10 keywords were
closely related to the age of epidemiology, prognosis, and
treatment of Ewing sarcoma. Emergent keywords indi-
cated emerging trends and research frontiers. Through
keyword hotspot analysis, the keyword hotspots of Ewing
sarcoma focused on chromosome translocation, chil-
dren’s oncology group, and genomic landscape. Delattre
O demonstrated that the pathogenesis of Ewing sarcoma
is related to the t(11; 22) (q24; q12) chromosomal trans-
location [12]. It was later reported that Ewing sarcoma
has more chromosomal translocations, including EWS/
FLI fusion, EWS/ERG fusion, EWS/FEV fusion, EWS/
ETV1 fusion, EWS/ETV4 fusion, FUS/ERG fusion, FUS/
FEV fusion, and FUS/ETV4 fusion [13]. The children’s
oncology group is an international research organiza-
tion dedicated to developing new treatments and cures
for cancer in infants, children, adolescents, and young
adults [14]. Ewing sarcoma research is important for the
research of a new treatment mode to improve the treat-
ment outcome of Ewing sarcoma. Studies have reported
that the most common mutations in Ewing sarcoma
are the loss of function of STAG2, TP53, and CDKN2A
genes [15]. Moreover, some studies have also indicated
that PIK3R1, NOTCH]1, and CREBBP are common in
recurrent Ewing sarcoma [16]. The functional changes of
TP53, PMS2, and RET genes are also important factors in
inducing Ewing sarcoma [17].

The timeline of the cluster map of co-cited literature
revealed that the treatment of Ewing sarcoma recently
became a research hotspot. There are many treatment
methods for Ewing sarcoma, including radiotherapy,
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surgery, chemotherapy, and targeted drug therapy. Ewing
sarcoma is sensitive to radiation therapy, and preopera-
tive neoadjuvant radiotherapy can shrink the tumor and
reduce the risk of surgery [18, 19]. For metastasized
tumors, radiotherapy can be used for treatment [20].
Adjuvant chemotherapy with surgery or radiotherapy
can significantly improve the survival rate of patients
with Ewing sarcoma [21]. Drugs, including ecteinasci-
din, cabozantinib, and regorafenib, have reported good
efficacy in the treatment of Ewing sarcoma [22-24].
Likewise, the advancement of radiotherapy and targeted
therapy has significantly improved the survival rate of
pediatric and adolescent cancer patients.

Limitations

Some limitations of this study should be addressed.
WoSCC database is considered to be the most important
data source for bibliometric analysis, so the only database
used in this study. Hence, some studies might have been
missed. In addition, only articles and reviews, as well as
English-language publications, were used in the analy-
sis, which might have led to some bias. Furthermore, the
author’s affiliation could not be fully established. Some
authors might have duplicated names, or the same author
could be from a different institution. That said, this study
established research focus and emerging trends in Ewing
sarcoma.
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