PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Chang C, Tang K, Gao Y, Dai J, Dai C
(2022) Bibliometric analysis of the global research
trends and hotspots in chordoma from 2000 to
2020. PLoS ONE 17(12): €0279181. https://doi.
org/10.1371/journal.pone.0279181

Editor: Farzad Taghizadeh-Hesary, Shahid Beheshti
University of Medical Sciences, ISLAMIC
REPUBLIC OF IRAN

Received: November 21, 2021
Accepted: December 2, 2022
Published: December 15, 2022

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0279181

Copyright: © 2022 Chang et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The keywords of
chordoma were indexed in the WOSCC (https:/

www.wehofscience.com/wos/woscc/basic-search).

The articles from 2000 to 2020 (December 31,

Bibliometric analysis of the global research
trends and hotspots in chordoma from 2000
to 2020

Cuicui Chang'®, Kai Tang'2®, Yifan Gao’, Jingyao Dai®**, Chen Dai®*°*

1 Central Laboratory of Medicine School, Xi’an Peihua University, Xi'an, China, 2 Department of Breast
Surgery, The First Affiliated Hospital of Xi ’an Jiaotong University, Xi'an, China, 3 Department of Hepatobiliary
Surgery, Air Force Medical Center, Fourth Military Medical University, Xi'an, China, 4 Orthopedics and
Trauma Department, the 963rd (224th) Hospital of People’s Liberation Army, 963rd Hospital of Joint Logistics
Support Force of PLA, Jiamusi, Heilongjiang, China, 5 Department of Orthopedics, The Third Medical Center,
General Hospital of the Chinese People’s Liberation Army, Beijing, China

® These authors contributed equally to this work.
* daijingyao2006 @ 163.com (JD); dcanb123@ 163.com (CD)

Abstract

Introduction

Chordoma is formed from embryonic residues or ectopic chordae and locally aggressive or
malignant tumors. We visually analyzed the research tendency and hotspot of chordoma.

Methods

The bibliometric analysis was conducted from the Web of Science Core Collection database
over the past two decades. The term and strategies were as follows: “TS = (chordoma) OR
TS = (chordoblastoma) OR TS = (chordocarcinoma) OR TS = (chordoepithelioma) OR TS =
(chordosarcoma) OR TS = (notochordoma). AND Language: English. AND Reference
Type: Article OR Review”. A total of 2,118 references were retrieved and used to make a
visual analysis by VOSviewer 1.6.15.

Results

The chordoma was on a steady rise and chordoma but remained the focus of scholars and
organizations over the last two decades. The Chinese institutions and scholars lacked coop-
eration with their counterparts in other countries. The citations of documents and co-citation
analysis of cited references suggested that M.L. McMaster, B.P. Walcott, P. Bergh, and S.
Stacchiotti were leading researchers in this field of chordoma and their papers had been
widely accepted and inspired recent researches. Keywords associated with recent chemo-
therapy, PD-1-related immunotherapy, and SMARCB1/integrase interactor 1 (INI1) in chor-
doma were a shortage of research and there may be more research ideas in the future by
scholars. The research of chordoma will continue to be the hotspot.
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2020) were searched, the term “chordoma” was
detected with MeSH (https://www.ncbi.nim.nih.
gov/mesh), and the term and strategy were as
follows: “TS = (chordoma) OR TS =
(chordoblastoma) OR TS = (chordocarcinoma) OR
TS = (chordoepithelioma) OR TS =
(chordosarcoma) OR TS = (notochordoma). AND
Language: English. AND Reference Type: Article
OR Review.” A total of 2,118 references were
retrieved and the results were analyzed visually.
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Conclusions

Thus, explaining the molecular mechanism and potential role of transcriptional inhibition and
immunologic responses to SMARCB1/INI1-negative poorly differentiated chordoma will be
available for preclinical experiments and clinical trials and lead to new therapeutic opportuni-
ties for chordoma patients.

Introduction

Chordoma is formed from embryonic residues or ectopic chordae and locally aggressive or
malignant tumors that are common extradural tumors involving the ramus and sacrococcyx,
with the overall incidence of 0.2-0.5/100,000 per year, accounting for about 0.15% of intracra-
nial tumors, and about 40% of chordomas occurring in the sacral canal [1]. Five-year and ten-
year survival rates were reported as low as 54.6 percent and 36.5 percent, respectively [1,2].
Although chordoma is slow growth, has few distant metastases (late metastases), and may delay
diagnosis, its local destruction is strong, because of the high recurrence and metastasis rate after
surgery (about 67% and 30%-40%, respectively). So, it is still a malignant tumor [1,3-6].

Considering that chordoma is insensitive to cytotoxic chemotherapy [1] and conventional
radiotherapy (conventional radiotherapy usually only plays a palliative role) [4,7,8], radical sur-
gery, such as the en bloc resection, is generally the treatment of choice in symptomatic cases [9].
Usually, the operation is difficult because [6,10]: (1) the anatomical location of chordoma is
deep; (2) the surgical exposure is difficult; (3) the onset of chordoma is hidden and the course of
the disease is long; and (4) when the patient comes to the clinic, the tumor has already exten-
sively invaded the cranial base. Furthermore, complete resection is still the most critical factor
in cancer metastasis, recurrence, and overall survival (OS) [1]. Subsequently, high-dose irradia-
tion, particularly with protons and carbon ions, is a therapeutic alternative in cases of inoperable
tumors [11]. Currently, targeted treatments have not been approved [12]. The lack of systematic
therapeutic choices and deficient chordoma pathogenesis to direct the exploration of the inno-
vative therapeutic strategies results in poor outcomes for patients with advanced disease [13].

It has been reported that various receptor tyrosine kinases are expressed in chordoma
[14,15], including PDGFR-a/b, KIT, HER2, EGFR, VEGFR, and ¢-MET, etc., which activates
downstream MAP kinase, PI3K/AKT/mTOR, and STATS3 signaling, etc. Recently, new insights
into the molecular mechanisms of chordomas have led to the identification of novel potential
treatments. The molecule-targeted therapies for chordomas include [15,16] (1) targeting
PDGEFR and KIT (imatinib and dasatinib); (2) targeting EGFR and HER2 (erlotinib, lapatinib,
gefitinib, and cetuximab); (3) targeting VEGER (sorafenib, pazopanib, and sunitinib); (4) target-
ing PI3K/AKT/mTOR pathway (temsirolimus and sirolimus). However, the systematic studies
on the efficacy, safety, and molecular mechanisms of the molecule-targeted therapies for chor-
doma patients are still lacking [15]. Thus, we visually analyzed research tendency and hotspot of
chordoma, by bibliometric analysis of the Web of Science Core Collection (WOSCC) database
from 2000 to 2020. The bibliometric discusses the recent advancements of crosstalk between
pathological features and molecular mechanisms and suggests the research tendency. It will
point in a new direction for future study and clinical treatment of chordoma.

Materials and methods
Data collection

The keywords of chordoma were indexed in the WOSCC. The articles from 2000 to 2020
(December 31, 2020) were searched, the term “chordoma” was detected with MeSH (https://
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www.ncbi.nlm.nih.gov/mesh), and the term and strategy were as follows: “TS = (chordoma)
OR TS = (chordoblastoma) OR TS = (chordocarcinoma) OR TS = (chordoepithelioma) OR
TS = (chordosarcoma) OR TS = (notochordoma). AND Language: English. AND Reference
Type: Article OR Review.” A total of 2,118 references were retrieved and the results were ana-
lyzed visually.

Data analysis

Firstly, through the analysis and retrieval results in WOSCC, the general information of the lit-
erature, including the year of publication, country, organization, journal, author, and distribu-
tion of research field, were preliminarily analyzed. The number of published papers from
different perspectives (year and country) was calculated by the online bibliometrics analysis
website (http://bibliometric.com/), and the visual result showed the cooperative relationship
between countries. Subsequently, VOSviewer software was performed to conduct bibliometric
analysis and visualization analysis, including organizations, main authors, keywords, scientific
research partnerships, cited analysis, and co-cited analysis. The standard tournament ranking
method was adopted and the Method parameter in VOSviewer software was selected by Lin-
log/ modularization.

Results

Publication outputs

There were 2,118 items on chordoma in the WOSCC from 2000 to 2020 (December 31, 2020),
included 1865 articles (88.05%) and 253 reviews (11.95%). The count of annual publications
was shown in Fig 1, the publications appeared with 43 in 2020. Subsequently, the number of
articles increased slowly year by year, and it was 197 in 2020 (Fig 1). Although the number of
publications has been small but has been on a steady rise. The researches of chordoma were
supported by 665 funding sources, and Table 1 showed the top 10 sources, such as National
Institutes of Health NIH USA (frequency, 126), United States Department of Health Human
Services (frequency, 216), National Natural Science Foundation of China NSFC (frequency,
90), NIH National Cancer Institute NCI (frequency, 90), and Ministry of Education Culture
Sports Science and Technology Japan MEXT (frequency, 43), etc. The data suggest that chor-
doma remains the focus of scholars and organizations.

e
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Fig 1. Annual number of documents indexed in the WOSCC from 2000 to 2020 by the online bibliometric analysis.
https://doi.org/10.1371/journal.pone.0279181.9001
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Table 1. The top 10 funding sources.

Rank Funding Source Frequency
1 National Institutes of Health NIH USA 126
2 United States Department of Health Human Services 126
3 National Natural Science Foundation of China Nsfc 90
4 NIH National Cancer Institute NCI 90
5 Ministry of Education Culture Sports Science And Technology Japan Mext 43
6 Japan Society For The Promotion Of Science 40
7 Grants In Aid For Scientific Research Kakenhi 34
8 Chordoma Foundation 23
9 European Commission 17
10 Beijing Natural Science Foundation 15

https://doi.org/10.1371/journal.pone.0279181.t001

Countries/regions and organization

A total of 60 countries/regions and 1,700 organizations had 2,118 articles on chordoma, which
had been published in the last 20 years. USA (623), China (288), and Italy (148) were the top 3
countries of publications in chordoma in the WOSCC (Table 2). The USA had the most cita-
tion with 12,383, but the citation of publications in China were 2,652 that was weaker than
that in Italy with 2,818 (Table 2). The cooperative relationship between countries was shown
in Fig 2, the USA had more cooperation, but the total link strength and links of China were
less than that in Italy, Germany, UK, and Canada (Fig 2). It indicates that there is a lack of
cooperative researches between Chinese and other countries.

As shown in Table 3, the 10 major institutions were all from USA (80%) and China (20%).
Massachusetts Gen Hosp (USA, 55), Capital Med Univ (China, 55), and Mayo Clin (USA, 48)
were in the top 3 by the number of articles, but the top 3 by citations were Massachusetts Gen
Hosp (1,402), Harvard Univ (1,364), and Mem Sloan Kettering Canc Ctr (984) (Table 3).
Some articles were completed in collaboration with multiple institutions, as visualized (Fig 3).
Each top organization showed extensive relationships with others (Fig 3), and 1,190 valid
items (1,700 total items) were interlinked (Fig 3A). Some gray circles indicated that the institu-
tions were isolated, such as Hosp Univ Canarias, Univ Montreal, and Taipei Med Univ, etc.,
which lacked partners (Fig 3A). The important partners of the top 3 organizations (minimum
number of documents of an organization was 10, and 47 organizations met the thresholds)
were analyzed in Fig 2B. Massachusetts Gen Hosp and Mayo Clin were each other’s partners,
and they were more than 75 partners (Fig 3B). However, the important partners of Capital
Med Univ were almost the Chinese institutions, and Capital Med Univ had no relationship

Table 2. Top 10 countries/regions on chordoma.

Rank Country/Region Documents Citations Total link strength Links
1 USA 623 12383 280 35
2 China 288 2652 69 13
3 Ttaly 148 2818 158 27
4 Japan 139 1913 61 19
5 Germany 106 2431 114 23
6 UK 101 1991 130 27
7 Canada 60 1102 99 18
8 France 59 1104 58 17
9 Turkey 58 446 7 4
10 India 58 423 15 9

https://doi.org/10.1371/journal.pone.0279181.t1002
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Fig 2. The cooperative relationship between countries was generated by the online bibliometric analysis.

https://doi.org/10.1371/journal.pone.0279181.9002
with either Massachusetts Gen Hosp or Mayo Clin (Fig 3B). The data suggests the top institu-
tions of chordoma researches lack more cooperation with each other and the Chinese institu-
tions should improve cooperation with their counterparts in other countries.

Journals analysis
In total, 1,638 journals published research documents related to chordoma from 2020 to 2020.
In Table 4, the top 10 journals were shown that published about 25.12% of documents (532/

5/15
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Table 3. Top 10 the most productive organizations.

Rank Organizations Country Documents Citations Total link strength
1 Massachusetts Gen Hosp USA 55 1402 147
2 Capital Med Univ China 55 404 99
3 Mayo Clin USA 48 700 118
4 JohnsHopkins Univ USA 45 796 184
5 Peking Univ China 41 545 43
6 Univ Texas Md Anderson Canc Ctr USA 40 716 173
7 Mem Sloan Kettering Canc Ctr USA 37 984 144
8 Univ Calif San Francisco USA 33 836 91
9 Harvard Med Sch USA 32 301 65
10 Harvard Univ USA 28 1364 56

https://doi.org/10.1371/journal.pone.0279181.t003

2,118). World Neurosurgery was the most dynamic journal of chordoma, followed by Neuro-
surgery, Spine, Journal of Neurosurgery, European Spine Journal, International Journal of Radia-
tion Oncology Biology Physics, Journal of Neurosurgery Spine, Acta Neurochirurgica, Journal of
Clinical Neuroscience, and Journal of Neuro Oncology. The impact factor (IF) of 10 journals
was from 1.76 to 5.859, and International Journal of Radiation Oncology Biology Physics had
the maximum IF of 5.859 (Q1), and Journal of Clinical Neuroscience had a minimum IF of 1.76
(Q3/Q4) (Table 4). But Neurosurgery was a good journal with 69 documents, 4.853 IF, and Q1
(Table 4). The selection of journals in chordoma was relatively wide, distributed in Q3/Q4 to
Q1 (30%). According to the documents, IF and JCR partition, Neurosurgery may be the most
popular journal in chordoma.

Authors analysis

A total of 7,460 authors drafted the 2,118 documents in chordoma. In Table 5, Francis ] Horni-
cek (Harvard Medical School) was the most active author in this field (with 46 documents and
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Fig 3. Co-author analysis of organizations with network visualization. (A) 1,190 valid items (1,700 total items) were interlinked. (B) The important partners
of the top 3 organizations (minimum number of documents of an organization was 10, and 47 organizations met the thresholds). The thickness of lines
indicates the strength of the relationship.

https://doi.org/10.1371/journal.pone.0279181.g003
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Table 4. Top 10 journals with the largest number of publication.

Rank Journals Documents 2019 Impact Factor 2019 JCR Partition
1 World Neurosurgery 84 1.829 Q3
2 Neurosurgery 69 4.853 Q1
3 Spine 64 2.646 Q2
4 Journal of Neurosurgery 60 3.968 Q1
5 European Spine Journal 52 2.458 Q2/Q3
6 International Journal of Radiation Oncology Biology Physics 51 5.859 Q1
7 Journal of Neurosurgery Spine 50 3.011 Q1/Q2
8 Acta Neurochirurgica 38 1.817 Q3
9 Journal of Clinical Neuroscience 33 1.76 Q3/Q4
10 Journal of Neuro Oncology 31 3.267 Q2/Q3

https://doi.org/10.1371/journal.pone.0279181.t1004

1,023 citations), Ziya L Gokaslan (Brown University), Joseph H Schwab (Harvard Medical
School), Zhen Wu (Capital Medical University), and Liang Wang (Capital Medical University)
followed. Ke Wnag had the minimum citations 170 in this ranking, but lower-ranking Jiirgen
Debus and Jean-Paul Wolinsky, professional and active authors in this field, also had high cita-
tions 668 and 446, respectively (Table 5). The co-authorship map of authors was generated by
VOSviewer (Fig 3), and 2,918 valid items (7,460 total items) were connected (Fig 3A). Some
researchers were also scattered independently with other activated scholars and Francis ] Hor-
nicek was the center but failed to reach out to all the scattered cliques (Fig 4A). In Fig 4B, 203
organizations (more than 5 documents) met the thresholds. Francis ] Hornicek, Ziya L Goka-
slan, and Joseph H Schwab had some cooperation, but Zhen Wu and Liang Wang were limited
to their small teamwork (purple circle) (Fig 4A). The data suggests that the activated authors
in chordoma still lack collaboration with other scholars around the world.

Citation analysis

There were 25,969 cited references, the front-ranking were M.L. McMaster (Cancer Causes
Control, 2001), B.P. Walcott (Lancet Oncol, 2012), P. Bergh (Cancer, 2000), R. Chugh
(Oncologist, 2007), S. Vujovic (J Pathol, 2006), B. Fuchs (J Bone Joint Surg Am, 2005), S. Bor-
iani (Spine, 2006), J.E. York (Neurosurgery, 1999), S. Stacchiotti (Lancet Oncol, 2015), and C.
Catton (Radiother Oncol, 1996,). “Chordoma: incidence and survival patterns in the United
States, 1973-1995” was the highest cited reference in the field of chordoma, with 373 citations,
and “Soft tissue sarcoma of the extremity. Limb salvage after the failure of combined

Table 5. Top 10 active authors with most documents.

Authors Organizations Documents Citations h-index
Francis J. Hornicek Harvard Medical School 46 1023 57
Ziya L. Gokaslan Brown University 40 883 64
Joseph H. Schwab Harvard Medical School 38 794 49
Zhen Wu Capital Medical University 27 266 19
Liang Wang Capital Medical University 25 244 13
Daniel M. Sciubba Johns Hopkins University 24 373 43
Stefano Boriani IRCCS Istituto Ortopedico Galeazzi 23 379 37
Ke Wnag Capital Medical University 22 170 14
Jiirgen Debus University of Heidelberg 21 668 75
Jean P. Wolinsky Northwestern University 20 446 37

https://doi.org/10.1371/journal.pone.0279181.t005
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Fig 4. Co-occurrence analysis of authors. (A) 2,918 valid items (7,460 total items) were connected. (B) The cooperation of the top 3 authors was presented
(the minimum number of documents of an organization was 10, and 47 organizations met the thresholds).

https://doi.org/10.1371/journal.pone.0279181.9g004

conservative therapy” was the minimum with 130 citations (Table 6). Generally, most of the
cited literature is based on clinical studies of chordoma. As shown in Table 7, the top 3 cita-
tions of documents were “Chordoma: incidence and survival patterns in the United States,
1973-1995” by M.L. McMaster, “Chordoma: current concepts, management, and future direc-
tions” by B.P. Walcott, and “Prognostic factors in chordoma of the sacrum and mobile” by P.
Bergh, which corresponded to the top 3 highest cited references in Table 6. Two articles were
from Lancet Oncology by B.P. Walcott (2012, 325 citations) and S. Stacchiotti (2015, 180 cita-
tions), and two articles were from International Journal of Radiation Oncology Biology Physics

Table 6. Top 10 Co-citation of cited reference on chordoma.

Rank Title First author Source Publication Total
year citations
1 Chordoma: incidence and survival patterns in the United States, 1973-1995 M. L. Cancer Causes 2001 373
McMaster Control
2 Chordoma: current concepts, management, and future directions B. P. Walcott Lancet Oncol 2012 256
3 | Prognostic factors in chordoma of the sacrum and mobile spine: a study of 39 patients P. Bergh Cancer 2000 220
4 Chordoma: the nonsarcoma primary bone tumor R. Chugh Oncologist 2007 187
5 Brachyury, a crucial regulator of notochordal development, is a novel biomarker for S. Vujovic ] Pathol 2006 175
chordomas
6 Operative management of sacral chordoma B. Fuchs J Bone Joint Surg 2005 170
Am
7 Chordoma of the mobile spine: fifty years of experience S. Boriani Spine 2006 167
8 Sacral chordoma: 40-year experience at a major cancer center J. E. York Neurosurgery 1999 144
9 | Building a global consensus approach to chordoma: a position paper from the medical | S. Stacchiotti Lancet Oncol 2015 131
and patient community
10 Soft tissue sarcoma of the extremity. Limb salvage after failure of combined C. Catton Radiother Oncol 1996 130
conservative therapy

https://doi.org/10.1371/journal.pone.0279181.t006
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Table 7. Top 10 citation analysis of documents on chordoma.

Rank Title First author Source Publication Total
year citations

1 Chordoma: incidence and survival patterns in the United States, 1973-1995 M.L. Cancer Causes 2001 544
McMaster Control

2 Prognostic factors in chordoma of the sacrum and mobile spine P. Bergh Cancer 2000 368

Chordoma: current concepts, management, and future directions B.P. Walcott Lancet Oncol 2012 325

4 EWSR1-POUS5F1 fusion in soft tissue myoepithelial tumors. A molecular analysis of C.R. Genes Chromosomes 2010 277
sixty-six cases, including soft tissue, bone, and visceral lesions, showing common Antonescu Cancer

involvement of the EWSR1 gene
5 Image-guided Hypo-fractionated Stereotactic Radiosurgery to Spinal Lesions S.I. Ryu Neurosurgery 2001 232
6 Building a global consensus approach to chordoma: a position paper from the medical | S. Stacchiotti Lancet Oncol 2015 180
and patient community

7 Intensity modulated proton therapy: A clinical example A.J. Lomax Med Phys 2001 169

8 Stereotactic fractionated radiotherapy for chordomas and chondrosarcomas of the skull J. Debus Int ] Radiat Oncol 2000 162
base Biol Phys

9 Effectiveness and Safety of Spot Scanning Proton Radiation Therapy for Chordomas and C. Ares Int J Radiat Oncol 2009 158
Chondrosarcomas of the Skull Base: First Long-Term Report Biol Phys

10 Phase II Study of Imatinib in Advanced Chordoma S. Stacchiotti J Clin Oncol 2012 148

https://doi.org/10.1371/journal.pone.0279181.t007

by J. Debus (2000, 162 citations) and Carmen Ares (2009, 158 citations) (Table 7). S. Stac-
chiotti had two documents in this ranking (Lancet Oncology, 2015, 180 citations; Journal of
Clinical Oncology, 2012, 148 citations) (Table 7). So, M.L. McMaster, B.P. Walcott, P. Bergh,
and S. Stacchiotti were leading researchers in this field of chordoma and their papers deserved
wide attention. 1,618 documents were cited among 2,118 articles, and 1,438 valid items were
connected and the overlay or network visualization was conducted (Fig 5). The overlay visuali-
zation showed that some articles have recently been noted and cited (Fig 5A). Fig 5B showed
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Fig 5. Citation analysis of documents. 1,618 documents were cited among 2,118 articles, and 1,438 valid items were connected. (A) The overlay visualization
of citation map of documents was generated by Linlog/modularity in VOSviewer, the Weight was citations, and Scores were the average published year. (B)
The network visualization was conducted, and the crosstalk of citation documents was presented.

https://doi.org/10.1371/journal.pone.0279181.g005
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Fig 6. Co-occurrence analysis of author keywords. (A) The network visualization of total author keywords (2,656 items) was conducted. (B) The overlay
visualization of co-occurrence analysis of author keywords was presented in VOSviewer, the Weight was an occurrence, and Scores were the average published
year. (C) The crosstalk of author keywords was presented.

https://doi.org/10.1371/journal.pone.0279181.9g006

the relationship between the high citation articles by M.L. McMaster (2001), B.P. Walcott
(2000), P. Bergh (2012), and C.R. Antonescu (2010) with other articles. “EWSR1-POUS5F1
fusion in soft tissue myoepithelial tumors. A molecular analysis of sixty-six cases, including
soft tissue, bone, and visceral lesions, showing” by C.R. Antonescu was distant from recent
highly cited articles, but the other 3 articles were closely related to the recent highly cited arti-
cles (Fig 5B). All those data suggest some articles of chordoma with high citations have been
widely accepted and have inspired recent researches, and recent studies should improve scale
and breakthrough.

Keywords analysis

There were 2,781 author keywords involved in 2,118 articles, and 2,656 valid items were con-
nected (Fig 6A). The co-occurrence relations of keywords and reflected the hot and frontier
topics in chordoma. Fig 6A presented the biggest keywords subnetwork and its cluster map.
The “chordoma”, “skull base”, and “chondrosarcoma” were the top 3 occurrences of keywords,
and they related to the keywords of “surgery”, “clivus”, “brachyury (TBXT)”, “spine”, “radio-
therapy”, “recurrence”, “immunohistochemistry”, etc. With a minimum of 5 number occur-
rences of a keyword, 102 keywords met the threshold with overlay or network visualization
(Fig 6B and 6C). In the overlay visualization, keywords mainly appeared in the decade between
2014 and 2018, but recent studies reported less, such as SMARCBI and integrase interactor 1
(INI1) (Fig 6B). Fig 6C showed that chemotherapy, PTEN, EGFR, C-Mte, PD-1, immunother-
apy, SMARCBI, and INII were related to chordoma. SMARCB1/INI1 was also involved in
TBXT and bone tumor (Fig 6C). The data show recent PD-1-related immunotherapy and
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SMARCBI/INII in chordoma were a shortage in research and there may be more research
ideas in the future by scholars.

Discussion

Over the last two decades, the researches on chordoma were on a steady rise and chordoma
remained the focus of scholars and organizations. Although many countries, organizations,
and scholars were involved in chordoma, the activated organizations and authors, especially
the top teams in this field, still lacked collaboration with others around the world. The citations
of documents and co-citation analysis of cited references suggested that M.L. McMaster, B.P.
Walcott, P. Bergh, and S. Stacchiotti were leading researchers in this field of chordoma and
their papers had been widely accepted and inspired recent researches, but further studies
should improve scale and breakthrough. Keywords associated with recent chemotherapy, PD-
1-related immunotherapy, and SMARCB1/INI1 in chordoma were a shortage of research and
there may be more research ideas in the future by scholars. Bibliometric is based on literature
system, such as the WOSCC database, is different from a literature review and often applied to
analyze the hot spots, research progress and other related issues, as well as to formulate future
research directions and strategies. Through visual analysis, the cooperative relationship
between organizations, countries and authors and network of research directions, which
allows identification of key opinion leaders and future research directions to help in fostering
optimised future collaborative networks. Based on the analysis, we recommend that explaining
the molecular mechanism and potential treatments will be available for preclinical experiments
and clinical trials and lead to new therapeutic opportunities for chordoma patients.
Bibliometric analysis showed that chemotherapy, PTEN, EGFR, and TBXT were related to
chordoma. Targeting PTEN, EGFR, C-Mte, and PD-1 can provide potential strategies for the
treatment of chordoma. report that the expression of PTEN is higher in adjacent normal tis-
sues than that in sacral chordomas, and PTEN-negative expression and mTOR-positive
expression are related to the invasion of tumor [17]. Loss of PTEN gene heterozygosity in
chordoma subpopulations is associated with aggressive behavior and increased Ki-67 prolifer-
ation index in vitro [18], and the combined suppression of PDGFR and HDAC subsequently
decreases the proliferation and invasion of PTEN deficient chordoma cells. Clinical data fur-
ther demonstrate that the patients with higher PTEN expression show distinctly longer OS
and progression-free survival (PFS) than those with lower levels [19], and PTEN expression
may serve as a prognostic and predictive biomarker for chordomas. It has been reported that
FGF2 and TGF-a involve in chordoma recurrence [20] and FGFR/MEK/ERK/TBXT pathway
coordinately regulates chordoma cell growth and survival [21]. Morimoto et al. have demon-
strated that the expression of VEGFR1 and VEGFR2 on tumor cells and immunosuppressive
tumor-microenvironment were positively correlated with tumor growth and recurrent in
patients with chordomas [22]. EGFR inhibitors were regarded as a potential therapy for chor-
doma [23]. Patients with higher TBXT expression have significantly shorter progression-free
survival than those with lower expression [24], and TBXT inhibits Paclitaxel-induced apopto-
sis in primary chordoma cell lines via carbonic anhydrase IX [25]. Pharmacologic inhibition of
H3K27-demethylases promotes human chordoma cell death via inducing epigenetic silencing
of oncogenic TBXT [26]. Afatinib has been verified as a potential treatment for chordomas by
targeting EGFR and TBXT [27]. Sharifnia et al. demonstrate that inhibitors of CDK suppress
TBXT levels and chordoma tumor proliferation is decreased by THZ1 treatment in vivo [13].
However, it is challenging for transcription factors, including TBXT, to become candidate
drugs for direct targets [13]. Transcriptional EGFR and CDK suppression can provide thera-
peutic opportunities for preferential down-regulation of TBXT [13]. Thus, the recent entry of
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a new generation of transcriptional inhibitors for clinical application may suggest a much-
needed treatment option for this refractoriness disease in patients with chordoma.

Positive PD-L1 expression on tumor cells is associated with advanced stages [28], and the
density of PD-1+ tumor-infiltrating lymphocytes is associated with the invasion of surround-
ing muscles [29,30]. Comparative analysis reveals higher levels of soluble forms of PD-L1 in
the blood serum of chordoma patients in comparison with healthy persons, but the soluble
form of PD-1 is at the same level in both chordoma patients and healthy persons [31]. So,
immunotherapy of PD-1/ L1 may be a potential therapy in advanced patients of chordoma. In
a case report, a patient with chordoma receives pembrolizumab and achieves a PFS 0f 9.3
months by targeting PD-1 receptors of lymphocytes [32], but the immunotherapy benefit may
be related to the A1209fs mutation of the PBRM1 gene [32]. Thus, the effectiveness and appli-
cation of immunotherapy should be further explored and clarified in the patient response
mechanism of chordoma.

As one of the core subunits of the ATP-dependent SWI/SNF chromatin remodeling com-
plex, SMARCBI1/INI-1 is regarded as a suppressor of tumors [33]. Recent studies explore the
role of SMARCBI/INI-1 in chordoma, and the loss of SMARCB1/INI1 protein in poorly dif-
ferentiated chordoma (PDC) associates not with point mutations but with SMARCB1/INI1
gene deletions instead [34]. The PDC, a tumor that often occurs in children, prefers the base of
the skull and appears nuclear TBXT positivity along with INI-1 loss [34,35]. Case analysis find-
ings suggest that a SMARCBI deletion is an early event in the rare traditional chordoma that
may transform into PDC through supernumerary genome variation [36]. SMARCB1/INI1-ne-
gative PDC is a unique subset of chordomas with clinical, histopathological, and molecular
specificity, rapid progression, and poor prognosis, and should not be confused with traditional
chordomas [37,38]. SMARCBI expression is completely absent in both PDC and atypical tera-
toid/rhabdoid tumor (AT/RT), and TBXT and cytokeratin immunoexpressions of PDC are
diffuse and strong, and combining SMARCBI1 with TBXT staining helps to distinguish PDC
from AT/RT [39]. In the miRNA-SMARCBI1/INII regulatory network, Malgulwar et al. show
miR-193a-5p and miR-671-5p mediate the acquired SMARCB1/INII deletion and downregu-
late the TGF-p pathway in the pediatric chordoma [40]. The results of a clinical trial are excit-
ing that EZH2 binding tazemetostat provides an anti-tumor immunoreaction via inducing
multiple T cell populations to infiltrate tumors and demonstrates the potential effect on the
epigenetic regulation of immunoreaction in SMARCB1/INI1-negative PDC and this patient
also has a benefit in OS [41]. The data provide new references for revealing the regulatory
mechanisms and treatment strategies in SMARCB1/INI1-negative PDC, such as epigenetic
regulation.

Some limitations were addressed in this analysis. Firstly, the data was collected on Decem-
ber 31, 2020, but WOSCC database continued to be updated during 2021, and this part was
omitted in this study. Besides, the search terms “TS = (chordoma) OR TS = (chordoblastoma)
OR TS = (chordocarcinoma) OR TS = (chordoepithelioma) OR TS = (chordosarcoma) OR TS
= (notochordoma). AND Language: English. AND Reference Type: Article OR Review.” were
selected to define the topic of the studies in WOSCC database, not all documents were
completely obtained. Thirdly, as the data was limited to WOSCC indexed journal, some data
lacked in the WOSCC database. But we believe this analysis can still be employed to describe
general trends and hotspots of chordoma.

Conclusion

In summary, the work discussed chordoma research conditions by bibliometric analysis. The
chordoma, as a branch of bone tumor, was in a steady rise and chordoma but remained the

PLOS ONE | https://doi.org/10.1371/journal.pone.0279181 December 15, 2022 12/15


https://doi.org/10.1371/journal.pone.0279181

PLOS ONE

Bibliometric analysis on chordoma

focus of scholars and organizations over the last two decades. The Chinese institutions and
scholars should improve cooperation with their counterparts in other countries. Based on the
pre-efforts and exploration of PD-1-related immunotherapy and SMARCB1/INI1 in chor-
doma by a wide range of scholars, further studies should improve scale and breakthrough.
Mechanically, explaining the molecular mechanism and potential role of transcriptional inhi-
bition and immunologic responses to SMARCB1/INI1-negative PDC will be available for pre-
clinical experiments and clinical trials and lead to new therapeutic opportunities for chordoma
patients.

Author Contributions

Conceptualization: Cuicui Chang, Jingyao Dai, Chen Dai.
Data curation: Kai Tang, Yifan Gao.

Formal analysis: Yifan Gao, Jingyao Dai.

Funding acquisition: Jingyao Dai.

Methodology: Cuicui Chang, Kai Tang, Yifan Gao.
Supervision: Chen Dai.

Writing - original draft: Cuicui Chang.

Writing - review & editing: Chen Dai.

References

1. Patel S, Nunna RS, Nie J, Ansari D, Chaudhry NS, Mehta Al. Incidence, Management, and Outcomes
of Adult Spinal Chordoma Patients in the United States. Global Spine J. 2021:2192568221995155.
https://doi.org/10.1177/2192568221995155 PMID: 33583227

2. ZhouJ, SunJ, Bai HX, Huang X, Zou Y, Tan X, et al. Prognostic Factors in Patients With Spinal Chor-
doma: An Integrative Analysis of 682 Patients. Neurosurgery. 2017; 81(5):812-823. https://doi.org/10.
1093/neuros/nyx081 PMID: 28368502

3. Walcott BP, Nahed BV, Mohyeldin A, Coumans JV, Kahle KT, Ferreira MJ. Chordoma: current con-
cepts, management, and future directions. Lancet Oncol. 2012; 13(2):e69-76. https://doi.org/10.1016/
S1470-2045(11)70337-0 PMID: 22300861

4. Frezza AM, Botta L, Trama A, Dei Tos AP, Stacchiotti S. Chordoma: update on disease, epidemiology,
biology and medical therapies. Curr Opin Oncol. 2019; 31(2):114—120. https://doi.org/10.1097/CCO.
0000000000000502 PMID: 30585858

5. Sundaresan N, Rosen G, Boriani S. Primary malignant tumors of the spine. Orthop Clin North Am.
2009; 40(1):21-36, v. https://doi.org/10.1016/j.0cl.2008.10.004 PMID: 19064053

6. Gulluoglu S, Turksoy O, Kuskucu A, Ture U, Bayrak OF. The molecular aspects of chordoma. Neuro-
surg Rev. 2016; 39(2):185-96; discussion 196. https://doi.org/10.1007/s10143-015-0663-x PMID:
26363792

Salisbury JR. Embryology and pathology of the human notochord. Ann Pathol. 2001; 21(6):479-88.

8. Snyderman CH, Gardner PA. Current opinion in otolaryngology and head and neck surgery: clival chor-
doma and its management. Curr Opin Otolaryngol Head Neck Surg. 2020; 28(2):118-121. https://doi.
org/10.1097/MO0O.0000000000000614 PMID: 32102007

9. Denarol, Berton A, Ciuffreda M, Loppini M, Candela V, Brandi ML, et al. Surgical management of chor-
doma: A systematic review. J Spinal Cord Med. 2020; 43(6):797-812. https://doi.org/10.1080/
10790268.2018.1483593 PMID: 30048230

10. Williams BJ, Raper DM, Godbout E, Bourne TD, Prevedello DM, Kassam AB, et al. Diagnosis and treat-
ment of chordoma. J Natl Compr Canc Netw. 2013; 11(6):726-31. https://doi.org/10.6004/jnccn.2013.
0089 PMID: 23744869

11.  Scheipl S, Igrec J, Leithner A, Smolle M, Haybéack J, Liegl B. Chordoma: is there a molecular basis for
diagnosis and treatment? Pathologe. 2020; 41(2):153-162. https://doi.org/10.1007/s00292-020-00761-
4 PMID: 32100085

PLOS ONE | https://doi.org/10.1371/journal.pone.0279181 December 15, 2022 13/15


https://doi.org/10.1177/2192568221995155
http://www.ncbi.nlm.nih.gov/pubmed/33583227
https://doi.org/10.1093/neuros/nyx081
https://doi.org/10.1093/neuros/nyx081
http://www.ncbi.nlm.nih.gov/pubmed/28368502
https://doi.org/10.1016/S1470-2045%2811%2970337-0
https://doi.org/10.1016/S1470-2045%2811%2970337-0
http://www.ncbi.nlm.nih.gov/pubmed/22300861
https://doi.org/10.1097/CCO.0000000000000502
https://doi.org/10.1097/CCO.0000000000000502
http://www.ncbi.nlm.nih.gov/pubmed/30585858
https://doi.org/10.1016/j.ocl.2008.10.004
http://www.ncbi.nlm.nih.gov/pubmed/19064053
https://doi.org/10.1007/s10143-015-0663-x
http://www.ncbi.nlm.nih.gov/pubmed/26363792
https://doi.org/10.1097/MOO.0000000000000614
https://doi.org/10.1097/MOO.0000000000000614
http://www.ncbi.nlm.nih.gov/pubmed/32102007
https://doi.org/10.1080/10790268.2018.1483593
https://doi.org/10.1080/10790268.2018.1483593
http://www.ncbi.nlm.nih.gov/pubmed/30048230
https://doi.org/10.6004/jnccn.2013.0089
https://doi.org/10.6004/jnccn.2013.0089
http://www.ncbi.nlm.nih.gov/pubmed/23744869
https://doi.org/10.1007/s00292-020-00761-4
https://doi.org/10.1007/s00292-020-00761-4
http://www.ncbi.nlm.nih.gov/pubmed/32100085
https://doi.org/10.1371/journal.pone.0279181

PLOS ONE

Bibliometric analysis on chordoma

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Stacchiotti S, Sommer J; Chordoma Global Consensus Group. Building a global consensus approach
to chordoma: a position paper from the medical and patient community. Lancet Oncol. 2015; 16(2):
€71-83. https://doi.org/10.1016/S1470-2045(14)71190-8

Sharifnia T, Wawer MJ, Chen T, Huang QY, Weir BA, Sizemore A, et al. Small-molecule targeting of
brachyury transcription factor addiction in chordoma. Nat Med. 2019; 25(2):292—-300. https://doi.org/10.
1038/s41591-018-0312-3 PMID: 30664779

Diaz RJ, Cusimano MD. The biological basis for modern treatment of chordoma. J Neurooncol. 2011;
104(2):411-22. https://doi.org/10.1007/s11060-011-0559-8 PMID: 21384217

Meng T, Jin J, Jiang C, Huang R, Yin H, Song D, et al. Molecular Targeted Therapy in the Treatment of
Chordoma: A Systematic Review. Front Oncol. 2019; 9:30. https://doi.org/10.3389/fonc.2019.00030
PMID: 30775316

Lebellec L, Aubert S, Zairi F, Ryckewaert T, Chauffert B, Penel N. Molecular targeted therapies in
advanced or metastatic chordoma patients: facts and hypotheses. Crit Rev Oncol Hematol. 2015; 95
(1):125-31. https://doi.org/10.1016/j.critrevonc.2015.01.010 PMID: 25682222

Chen K, Mo J, Zhou M, Wang G, Wu G, Chen H, et al. Expression of PTEN and mTOR in sacral chor-
doma and association with poor prognosis. Med Oncol. 2014; 31(4):886. https://doi.org/10.1007/
$12032-014-0886-7 PMID: 24535608

Lee DH, Zhang Y, Kassam AB, Park MJ, Gardner P, Prevedello D, et al. Combined PDGFR and HDAC
inhibition overcomes PTEN disruption in chordoma. PLoS One. 2015; 10(8):e0134426. https://doi.org/
10.1371/journal.pone.0134426 PMID: 26247786

Yang C, SunJ, Yong L, Liang C, Liu T, Xu Y, et al. Deficiency of PTEN and CDKN2A tumor-suppressor
genes in conventional and chondroid chordomas: Molecular Characteristics and Clinical Relevance.
Onco Targets Ther. 2020; 13:4649-4663. https://doi.org/10.2147/OTT.S252990 PMID: 32547095

Deniz ML, Kili¢c T, Almaata |, Kurtkaya O, Sav A, Pamir MN. Expression of growth factors and structural
proteins in chordomas: basic fibroblast growth factor, transforming growth factor alpha, and fibronectin
are correlated with recurrence. Neurosurgery. 2002; 51(3):753-60; discussion 760. PMID: 12188955

Hu 'Y, Mintz A, Shah SR, Quinones-Hinojosa A, Hsu W. The FGFR/MEK/ERK/brachyury pathway is
critical for chordoma cell growth and survival. Carcinogenesis. 2014; 35(7):1491-9. https://doi.org/10.
1093/carcin/bgu014 PMID: 24445144

Morimoto Y, Tamura R, Ohara K, Kosugi K, Oishi Y, Kuranari Y, et al. Prognostic significance of VEGF
receptors expression on the tumor cells in skull base chordoma. J Neurooncol. 2019; 144(1):65-77.
https://doi.org/10.1007/s11060-019-03221-z PMID: 31240525

Scheipl S, Barnard M, Cottone L, Jorgensen M, Drewry DH, Zuercher WJ, et al. EGFR inhibitors identi-
fied as a potential treatment for chordoma in a focused compound screen. J Pathol. 2016; 239(3):320—
34. https://doi.org/10.1002/path.4729 PMID: 27102572

Otani R, Mukasa A, Shin M, Omata M, Takayanagi S, Tanaka S, et al. Brachyury gene copy number
gain and activation of the PI3K/Akt pathway: association with upregulation of oncogenic Brachyury
expression in skull base chordoma. J Neurosurg. 2018; 128(5):1428—-1437. https://doi.org/10.3171/
2016.12.JNS161444 PMID: 28753115

Jian J, Zhong N, Jiang D, LiL, Lou Y, Zhou W, et al. The embryonic transcription factor Brachyury con-
fers chordoma chemoresistance via upregulating CA9. Am J Transl Res. 2018; 10(3):936—947. eCollec-
tion 2018. PMID: 29636883

Cottone L, Cribbs AP, Khandelwal G, Wells G, Ligammari L, Philpott M, et al. Inhibition of histone
H3K27 demethylases inactivates Brachyury (TBXT) and promotes chordoma cell death. Cancer Res.
2020; 80(20):4540-4551. https://doi.org/10.1158/0008-5472.CAN-20-1387 PMID: 32855205

Magnaghi P, Salom B, Cozzi L, Amboldi N, Ballinari D, Tamborini E, et al. Afatinib is a new therapeutic
approach in chordoma with a unique ability to target EGFR and Brachyury. Mol Cancer Ther. 2018; 17
(3):603-613. https://doi.org/10.1158/1535-7163.MCT-17-0324 PMID: 29237806

Zou MX, Peng AB, Lv GH, Wang XB, Li J, She XL, et al. Expression of programmed death-1 ligand
(PD-L1) in tumor-infiltrating lymphocytes is associated with favorable spinal chordoma prognosis. Am J
Transl Res. 2016; 8(7):3274-87. eCollection 2016. PMID: 27508049

Zou MX, Pan Y, Huang W, Zhang TL, Escobar D, Wang XB, et al. A four-factor immune risk score sig-
nature predicts the clinical outcome of patients with spinal chordoma. Clin Transl Med. 2020; 10
(1):224-237. https://doi.org/10.1002/ctm2.4 PMID: 32508056

Zou MX, Lv GH, Wang XB, Huang W, Li J, Jiang Y, et al. Clinical impact of the immune microenviron-
ment in spinal chordoma: immunoscore as an independent favorable prognostic factor. Neurosurgery.
2019; 84(6):E318-E3383. https://doi.org/10.1093/neuros/nyy274 PMID: 30032257

Kushlinskii NE, Alferov AA, Timofeev YS, Gershtein ES, Bulycheva IV, Bondarev AV, et al. Key immune
checkpoint PD-1/PD-L1 signaling pathway components in the blood serum from patients with bone

PLOS ONE | https://doi.org/10.1371/journal.pone.0279181 December 15, 2022 14/15


https://doi.org/10.1016/S1470-2045%2814%2971190-8
https://doi.org/10.1038/s41591-018-0312-3
https://doi.org/10.1038/s41591-018-0312-3
http://www.ncbi.nlm.nih.gov/pubmed/30664779
https://doi.org/10.1007/s11060-011-0559-8
http://www.ncbi.nlm.nih.gov/pubmed/21384217
https://doi.org/10.3389/fonc.2019.00030
http://www.ncbi.nlm.nih.gov/pubmed/30775316
https://doi.org/10.1016/j.critrevonc.2015.01.010
http://www.ncbi.nlm.nih.gov/pubmed/25682222
https://doi.org/10.1007/s12032-014-0886-7
https://doi.org/10.1007/s12032-014-0886-7
http://www.ncbi.nlm.nih.gov/pubmed/24535608
https://doi.org/10.1371/journal.pone.0134426
https://doi.org/10.1371/journal.pone.0134426
http://www.ncbi.nlm.nih.gov/pubmed/26247786
https://doi.org/10.2147/OTT.S252990
http://www.ncbi.nlm.nih.gov/pubmed/32547095
http://www.ncbi.nlm.nih.gov/pubmed/12188955
https://doi.org/10.1093/carcin/bgu014
https://doi.org/10.1093/carcin/bgu014
http://www.ncbi.nlm.nih.gov/pubmed/24445144
https://doi.org/10.1007/s11060-019-03221-z
http://www.ncbi.nlm.nih.gov/pubmed/31240525
https://doi.org/10.1002/path.4729
http://www.ncbi.nlm.nih.gov/pubmed/27102572
https://doi.org/10.3171/2016.12.JNS161444
https://doi.org/10.3171/2016.12.JNS161444
http://www.ncbi.nlm.nih.gov/pubmed/28753115
http://www.ncbi.nlm.nih.gov/pubmed/29636883
https://doi.org/10.1158/0008-5472.CAN-20-1387
http://www.ncbi.nlm.nih.gov/pubmed/32855205
https://doi.org/10.1158/1535-7163.MCT-17-0324
http://www.ncbi.nlm.nih.gov/pubmed/29237806
http://www.ncbi.nlm.nih.gov/pubmed/27508049
https://doi.org/10.1002/ctm2.4
http://www.ncbi.nlm.nih.gov/pubmed/32508056
https://doi.org/10.1093/neuros/nyy274
http://www.ncbi.nlm.nih.gov/pubmed/30032257
https://doi.org/10.1371/journal.pone.0279181

PLOS ONE

Bibliometric analysis on chordoma

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

tumors. Bull Exp Biol Med. 2020; 170(1):64—68. https://doi.org/10.1007/s10517-020-05005-2 PMID:
33231796

Wu X, Lin X, Chen Y, Kong W, Xu J, Yu Z. Response of Metastatic Chordoma to the Immune Check-
point Inhibitor Pembrolizumab: A Case Report. Front Oncol. 2020; 10:565945. https://doi.org/10.3389/
fonc.2020.565945 PMID: 33392069

Singh A, Das A, Chatterjee A, Achari RB, S RK, Roy P. A Nonchordomatous-looking Chordoma: When
INI-1 and radiology came to the rescue!!! J Pediatr Hematol Oncol. 2020; 42(3):218-219. https://doi.
org/10.1097/MPH.0000000000001721 PMID: 32011562

Antonelli M, Raso A, Mascelli S, Gessi M, Nozza P, Coli A, et al. SMARCB1/INI1 involvement in pediat-
ric chordoma: a mutational and immunohistochemical Analysis. Am J Surg Pathol. 2017; 41(1):56-61.
https://doi.org/10.1097/PAS.0000000000000741 PMID: 27635948

Cha YJ, Hong CK, Kim DS, Lee SK, Park HJ, Kim SH. Poorly differentiated chordoma with loss of
SMARCB1/INI1 expression in pediatric patients: A report of two cases and review of the literature. Neu-
ropathology. 2018; 38(1):47-53. https://doi.org/10.1111/neup.12407 PMID: 28812319

Curcio C, Cimera R, Aryeequaye R, Rao M, Fabbri N, Zhang Y, et al. Poorly differentiated chordoma
with whole-genome doubling evolving from a SMARCB1-deficient conventional chordoma: A case
report. Genes Chromosomes Cancer. 2021; 60(1):43—48. https://doi.org/10.1002/gcc.22895 PMID:
32920865

Zhao J, Feng J, Chen L, Ma Y, Ding D, Wang H. Poorly differentiated SMARCB1/INI1-negative chordo-
mas. Clin Neuropathol. 2021; 40(1):36—45. https://doi.org/10.5414/NP301277 PMID: 32631481

Hasselblatt M, Thomas C, Hovestadt V, Schrimpf D, Johann P, Bens S, et al. Poorly differentiated chor-
doma with SMARCB1/INI1 loss: a distinct molecular entity with dismal prognosis. Acta Neuropathol.
2016; 132(1):149-51. https://doi.org/10.1007/s00401-016-1574-9 PMID: 27067307

Kohashi K, Yamamoto H, Yamada Y, Kinoshita |, Oda Y. Brachyury expression in intracranial
SMARCB1-deficient tumors: important points for distinguishing poorly differentiated chordoma from
atypical teratoid/rhabdoid tumor. Hum Pathol. 2021; 112:1-8. https://doi.org/10.1016/j.humpath.2021.
03.001 PMID: 33741347

Malgulwar PB, Pathak P, Singh M, Kale SS, Suri V, Sarkar C, et al. Downregulation of SMARCB1/INI1
expression in pediatric chordomas correlates with upregulation of miR-671-5p and miR-193a-5p
expressions. Brain Tumor Pathol. 2017; 34(4):155-159. https://doi.org/10.1007/s10014-017-0295-7
PMID: 28825187

Gounder MM, Zhu G, Roshal L, Lis E, Daigle SR, Blakemore SJ, Michaud NR, Hameed M, Hollmann
TJ. Immunologic Correlates of the Abscopal Effectin a SMARCB1/INI1-negative Poorly Differentiated
Chordoma after EZH2 Inhibition and Radiotherapy. Clin Cancer Res. 2019; 25(7):2064—2071. https://
doi.org/10.1158/1078-0432.CCR-18-3133 PMID: 30642912

PLOS ONE | https://doi.org/10.1371/journal.pone.0279181 December 15, 2022 15/15


https://doi.org/10.1007/s10517-020-05005-2
http://www.ncbi.nlm.nih.gov/pubmed/33231796
https://doi.org/10.3389/fonc.2020.565945
https://doi.org/10.3389/fonc.2020.565945
http://www.ncbi.nlm.nih.gov/pubmed/33392069
https://doi.org/10.1097/MPH.0000000000001721
https://doi.org/10.1097/MPH.0000000000001721
http://www.ncbi.nlm.nih.gov/pubmed/32011562
https://doi.org/10.1097/PAS.0000000000000741
http://www.ncbi.nlm.nih.gov/pubmed/27635948
https://doi.org/10.1111/neup.12407
http://www.ncbi.nlm.nih.gov/pubmed/28812319
https://doi.org/10.1002/gcc.22895
http://www.ncbi.nlm.nih.gov/pubmed/32920865
https://doi.org/10.5414/NP301277
http://www.ncbi.nlm.nih.gov/pubmed/32631481
https://doi.org/10.1007/s00401-016-1574-9
http://www.ncbi.nlm.nih.gov/pubmed/27067307
https://doi.org/10.1016/j.humpath.2021.03.001
https://doi.org/10.1016/j.humpath.2021.03.001
http://www.ncbi.nlm.nih.gov/pubmed/33741347
https://doi.org/10.1007/s10014-017-0295-7
http://www.ncbi.nlm.nih.gov/pubmed/28825187
https://doi.org/10.1158/1078-0432.CCR-18-3133
https://doi.org/10.1158/1078-0432.CCR-18-3133
http://www.ncbi.nlm.nih.gov/pubmed/30642912
https://doi.org/10.1371/journal.pone.0279181

