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Abstract
Background

Bone metastases (BM) represents a common complication of cancer, patients with BM may experience
skeletal complications, such as pathological fractures, spinal cord compression, hypercalcemia, and
persisting pain. Currently, there are a large number of publications available on this topic. The purpose of
this study was to identify and analyze the 100 most-cited publications on BM research.

Method

All databases from the Web of Science were searched in a three-step approach. First, the 100 most-cited
BM studies were identi�ed using only one term “bone metastases” to allow for comprehensive keyword
identi�cation. Second, ten keywords identi�ed from the results of the �rst search were used to conduct a
second search of the databases to yield a separate list of the top 100 cited BM publications. Finally, the
results of the two searches were overlapped and duplicated articles were removed. After overlapping, the
top 100 most-cited articles on BM were selected for further analysis of title, authorship, source journal,
publication year, geographic origin, research institution, number of citations, and subspecialty.

Results

The 100 most-cited articles were published from 1959 to 2014 in 44 different journals and were cited
from 250 to 1707 times. The most in�uential period was from 2001–2010, which produced 50 out of the
top 100 publications. A total of 12 countries contributed to the 100 articles, and the United States topped
the list with 48 articles. The majority of publications were in Journal of Clinical Oncology, which
published 16 articles. In terms of institutional support, a total of 13 institutions each supported at least 2
articles, and the �rst ranked institution was University of Texas M. D. Anderson Cancer Center (USA) with
8 articles. Regarding subspecialty of the studies, the most frequent studies were “clinical description” with
30 articles, followed by “clinical trial” with 20 articles.

Conclusion

In this comprehensive review, we identi�ed and analyzed the 100-most-cited articles on BM research by
measuring their citation number, and recognized some of the most important contributions by authors,
institutions and countries. Furthermore, our study will help researchers and orthopedic surgeons
understand the research trends for BM and as an e�cient guide for future BM-related research. 

Introduction
Bone metastases (BM) represents a common complication in the most prevalent human cancers, whose
incidence reaches 70–95% in multiple myeloma (MM), up to 65–90% in prostate cancer (PC), 65–75% in
breast cancer (BC), 17–64% in lung cancer (LC), and 10% in colorectal cancer (CC) [1-4]. Patients with BM
may experience skeletal complications including pathological fractures, hypercalcemia, spinal cord and
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nerve compression syndromes, and uncontrolled pain that require orthopedic surgery or/and radiotherapy,
collectively referred to as skeletal-related events (SREs) [5,6]. These events seriously affect the quality of
life (QoL) of patients and patient survival rates [7]. Therefore, the major treatment options for BM patients
aim at improving the QoL and reducing SREs. Currently, BM treatments include loco-regional and
systemic approaches. The former, mainly represented by focal excision and radiotherapy, are usually
performed to relieve bone pain and to prevent pathological fractures. The latter mainly include anabolic
agents, inhibitors of bone resorption and radiopharmaceuticals that aim at restoring severely impaired
physiological bone turnover in metastatic bone disease patients [8].

In recent years, with the emergence of imaging techniques with improved sensitivity and speci�city in the
detection of bone injury, the early diagnosis of BM has signi�cantly improved [9]. The diagnosis and
management of BM has also gained much interest among surgeons, similarly, fundamental scienti�c
research has also made major breakthroughs in understanding the mechanism involved in the
development of BM. Concomitantly, a large number of studies regarding BM have been published.

Bibliometric analysis is a widely accepted approach for identifying high impact scienti�c studies on
medicine and to quantitatively and qualitatively evaluate its academic impact [10,11] This analysis
method has been widely performed in the �eld of orthopedic surgery [12-16]. To the best of our
knowledge, there have been no reports on bibliometric analysis on BM to date. Therefore, our objective
was to identify the top 100 most-cited studies on BM, and to analyze the characteristics and research
trends of the most impactful publications. This bibliographic analysis will augment efforts in research
consensus and will enable researchers to better align their research direction to address the issues that
require additional research due to the lack of evidence and to tailor their future research on BM.

Materials And Methods
Inclusion Criteria

All available journals from the Web of Science database were searched to identify and analyze the 100
most-cited articles on BM between 1950 and 2020. To be considered for the top 100 list: (1) papers had
to focus on the �eld of BM; (2) papers should be written in English; and (3) the publication date should be
between the 1950 and 2020.

Exclusion Criteria

The exclusion criteria included: (1) papers that focused on broad areas with no emphasis on BM; and (2)
papers focused on primary bone/spinal tumor.

Search strategy and study selection

As of 5 July 2020, we identi�ed the 100 most-cited BM research studies published between 1950 and
2020, excluding non-English language studies. In order to achieve a higher comprehensiveness and
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accurateness of the study, a three-step approach was adopted to search the databases of the Web of
Science, as shown in the �ow chart in Figure 1.

First, the Web of Science databases was searched using the keyword “bone metastases.” The search
produced 85,957 results, which were then ranked in descending order of the total number of citations. In
the initial 1200 studies identi�ed, the 100 most-cited papers on BM were selected based on titles and
abstracts. The aim was to provide a more comprehensive study of BM, and the title and abstract of the
identi�ed 100 studies were systematically analyzed for possible keywords. Combined with other
keywords known to be relevant to the �eld of BM research, a search query composed of a group of 10
keywords was established and used for a second database search by topic. The 10 keywords identi�ed
were “bone metastases,” “bone metastasis,” “metastatic bone disease,” “skeletal metastases,” “spinal
metastases,” “spinal metastasis,” “metastatic spine disease,” “osseous metastases,” “osteolytic
metastases,” and “osteoblastic metastases.”

Second, every search word or phrase was delimited by an OR term, by this means, additional search
results were obtained. The second search showed 105,159 results, again were ranked these in descending
order of the total number of citations. Of the top 1000 preliminary studies, 100 articles related to BM were
selected based on titles and abstracts.

Third, the studies of the two selections were compared, and duplicate studies were removed and the 100
most-cited BM studies were selected for �nally analysis.

To ensure consistency of data extraction, two independent authors evaluated the articles for their
relevance to BM and the 100 most-cited articles on BM were �nial determined. Finally, the 100 most-cited
articles were then extracted with regard to basic information including: title, authorship, source journal,
publication year, geographic origin, research institution, number of citations, and subspecialty.

Statistical Methods

All data were manually extracted from the Web of Science database and recorded in Microsoft Excel
2016 or further analysis or visualization. VOSviewer (Leiden University, Leiden, the Netherlands) is a
commonly used software tool for creating maps for network analysis and visualization. In this study, this
software was used to visualize the relationships and the time distribution between the most frequently
occurring concepts and keywords.

Results
Overview of publications

The 100 most-cited articles involving BM research were cited from 250 to 1707 times in 44 different
journals and the mean citation number was 467.5 (Table 1). “A multigenic program mediating breast
cancer metastasis to bone,” published by Kang et al., was the most-cited article (cited 1707 times). The
earliest published article was “Experiences with metastatic neoplasms involving the spinal cord,” which
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was published in 1959 by Barron et al. (cited 312 times). The most recent article was “Effect of radium-
223 dichloride on symptomatic skeletal events in patients with castration-resistant prostate cancer and
bone metastases: Results from a phase 3, double-blind, randomised trial,” published by Sartor et al. in
2017 (cited 312 times).

Country of publications

The top 100 articles originated from 12 different countries. Authors from the United States contributed 48
articles. European centers from ten countries published 34 articles in total. Among these, 10 articles were
from the United Kingdom, 8 articles were from France, 3 articles were from Italy, Sweden, and The
Netherlands, 2 articles were from Switzerland and Belgium, and 1 article was from Austria, Denmark and
Germany. Authors from Asia and Africa published relatively fewer articles compared to the United States
and Europe. Authors from Japan published 5 articles, and Israel 1 articles, respectively. Besides, authors
from Canada and Australia published 10 and 1 articles, respectively.

Year of publication

The publishing period responsible for the largest number of studies was 2001 to 2010 with 50 articles,
followed by 1991 to 2000 with 24 articles, 1981 to 1990 with 11 articles, 2011 to 2014 with 10 articles,
and the period 1971 to 1980 with 3 articles (Figure 3). Notably, only 2 articles were published before
1970.

Journals of publications

Overall, 44 different journals were represented on the list of the 100 most-cited studies (Table 2). The
Journal of Clinical Oncology was the most popular journal, which was responsible for 16 articles and
7218 total citations. This was followed by Cancer with 10 articles with 4888 total citations. Cancer
Research, Spine, Journal of Neurosurgery, Journal of the National Cancer Institute, and Cancer Cell each
with 4, 4, 3, 3 and 3 articles, respectively. Although there were only 2 articles on the list which were
published in Lancet, their mean citations per article was the highest (1106 times per article).

Authors of publications

Regarding the authors, A Lipton was the most productive author with 11 articles in total, followed by R. E.
Coleman with 11 articles. J. E. Brown, G. N. Hortobagyi, F. Saad, J. J. Seaman, J. J. Body, and L. S. Rosen,
with 5 articles each (Table 3).

Institutions of publications

In terms of institutional support, a total of 13 institutions each supported at least 2 articles (Table 4). The
�rst ranked institution was the University of Texas M. D. Anderson Cancer Center (USA) with 8 articles.
The second top ranked institution was Weston Park Hospital with 5 articles. The Memorial Sloan-
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Kettering Cancer Center (USA), and the University of Toronto (Canada) were tied for third with 4 articles
each.

Subspecialty of publications

Regarding the subspecialty of the studies, the most frequent studies were “clinical description” (n=30),
followed by “clinical trial” (n=20), “mechanism” (n=16), “drug e�cacy” (n=11) “radiotherapy” (n=7),
“evaluation” (n=5), “surgery treatment” (n=4), “detection” (n=3), “murine model” (n=2), and “prediction”
(n=2) (Figure 4).

Keyword analysis of publications

As shown in Figure 5, the 28 terms (de�ned as being used more than 6 times within titles and abstracts in
all of the articles) were classi�ed into 3 clusters: “clinical trial”, “clinical features”, and “basic research”.
Among the “clinical trial” cluster, keywords used in the top articles were listed as follows: trial (30 items),
time (26 items), event (23 items), week (22 items), and spinal cord compression (20 items). For the cluster
of “clinical features”, the primary keywords were as follows: treatment (61 items), survival (29 items),
pain (29 items), year (27 items), and site (21 items). In the “basic research” cluster, the primary keywords
were as follows: cell (35 items), factor (25 items), breast cancer (25 items), effect (24 items), and therapy
(22 items).

As shown in Figure 6, VOSViewer assigned colors to keywords according to the average year in which
they appeared in the article. In the early stage of BM research, both the biological and clinical �elds were
the main hotspots. In the early stage of BM research, treatment of BM was the main hotspot. Recent
trends showed that the words “SRE”, “zoledronic acid”, “hazard rate”, “denosumab”, and “intension”
appeared as keywords articles after 2006. There was most of the key words appear in the “clinical trial”
cluster.

Discussion
The present bibliometric analysis determined and characterized the 100 most-cited publications in the
Web of Science databases. After identifying the most-cited research articles, we obtained insight into the
historic developmental trends in BM research that re�ected the great importance and academic concern
placed on the study of BM.

Undoubtedly the publishing date will affect citation numbers, the longer periods after the article is
published allows for a greater opportunity to be cited. In our study, the most productive period was from
2001 to 2010 with 50 articles. However, only 2 articles were published before 1970. This indicates that the
improvement of BM research quality and e�ciency promoted an increase in papers and citations in
recent years. Notably, no top-cited articles were published after 2015 in our current analysis. We
speculated the following possible reasons for this: �rstly, because BM has always been a hot research
�eld for researchers and orthopedic surgeons, numerous high-quality articles have already been
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published, although, we have only included the top 100 most-cited articles, therefore, articles with
relatively fewer citations are not included. Secondly, more recently published articles need time to be cited
widely.

In total, 44 different journals published the top 100 most-cited studies, with the Journal of Clinical
Oncology contributing most studies, followed by Cancer. It has been reported that major journals can
attract high-quality research articles in their �elds, maintaining high the impact factors of these journals
[17]. Compared with other similar bibliometric studies, top 100 articles have been published in a greater
number of journals, while, the most contributive journals have published fewer articles [18,19]. We
speculated that this may be related to more high-quality journals in the �eld of cancer.

Overall, 12 different countries contributed to the top 100 articles, and the most productive country of
article origin was the United States, followed by European centers. In contrast, Asia (Japan, Israel) made a
relatively small contribution to the 100 most-cited articles, which indicated that there is still a large gap of
scienti�c studies published between Asian countries and western developed areas. Thus, various
countries, especially in developing regions, have to endeavor make greater contributions to be integrated
into the world scienti�c processes.

VOSviewer software was used to analyze the keywords of the main subjects of these 100 articles. The
100 most-cited articles extracted from all database of the Web of Science were classi�ed into 3 clusters:
“clinical trial,” “clinical features,” and “basic research.” In the clinical trial cluster, “trial” and “time” were the
most frequently appearing keywords on the network map. This �nding demonstrated that randomized
controlled trials investigating drug therapy are a major research direction in the �eld of BM. In the clinical
features cluster, the most frequently occurring keywords included “treatment,” “survival,” and “pain”
meaning that the clinical e�cacy and prognosis of BM patients have been widely studied. Further, in the
basic research cluster, “cell,” “factor,” and “breast cancer” were the most frequently keywords, which
illustrated that the research interest was mainly focused on the molecular biology of BM. Generally,
molecular mechanisms, treatment, and prognosis were hot topics in the research of BM.

Keyword analysis is an indispensable approach to evaluate the evolution of research hotspots in this
�eld. To the best of our knowledge, this study is the �rst to visually summarize the evolution of global
research trends on BM. Among the 3 keyword clusters “clinical trial,” “clinical features,” and “basic
research,” the former is of great interest because of the obvious changes in the research hotspots over the
last 20 years. From simple attention to pain control to a series of clinical problems caused by SREs,
researchers and surgeons are focusing increasingly on improving prognosis and prolonging the survival
of patients with BM [20,21]. In-depth study of the molecular mechanisms, targeted therapies, and
immunotherapy have attracted increasing attention, and some studies have led to agents being
recommended as �rst-line drugs by the guidelines, such as denosumab [22]. In addition, in recent years,
with the rapid progress of radiotherapy research, especially the emergence of stereotactic body radiation
therapy (SBRT), radiotherapy has also received strong research interest from doctors and patients [23,24].
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Even so, surgery and chemotherapy still play an irreplaceable role. Thus, it is necessary to review the
highly quality articles to understand milestones during the study of BM.

Although this current analysis was relatively comprehensive and objective, it had several limitations. First,
the date for literature search was 5 July 2020, theoretically, which could limit the citation numbers by
time. Second, besides the Web of Science, Google Scholar and SCOPUS databases could also provide
citation data, these databases may display a different number of citations and therefore may provide
different analysis results [25].Third, since the top 100 articles selected are limited to English, we might
have overlooked high-impact articles in other languages. Finally, some recently published high-quality
articles were not included in this analysis due to their low citation frequency.

In summary, despite its limitations, bibliometric analysis remains one of the best methods to quantify the
impact of scienti�c studies and to quantify the contributions of researchers [26,27]. We believe that this
study highlights a series of intellectual milestones in BM research. The present study identi�ed in�uential
authors, institutions, countries, and journals that have made outstanding contributions to BM research.
Undoubtedly, this study will provide a catalogue of valuable articles for young researchers and will help
scientists to master research hotspots and to determined future academic pursuits.

Conclusion
The BM literature has grown continuously over the years. The 100 most-cited publications in BM research
were searched and analyzed, and the contribution of the authors and their origins were identi�ed. This
article provides insight into the development of BM research, and should contribute to help scientists to
grasp the international research hotspots on BM research.
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TABLE 1. The Top 100 Cited Articles on Bone Metastases

Rank Author Title Journal Year Citation Citation
No./Year

1 Kang, Y. B. A multigenic program
mediating breast cancer
metastasis to bone

Cancer Cell 2003 1707 100.41

2 Roodman, G.
D.

Mechanisms of disease:
mechanisms of bone
metastasis

New England
Journal of
Medicine

2004 1347 84.19

3 Coleman, R.
E.

Clinical features of
metastatic bone disease
and risk of skeletal
morbidity

Clinical Cancer
Research

2006 1122 80.14

4 Patchell, R. A. Direct decompressive
surgical resection in the
treatment of spinal cord
compression caused by
metastatic cancer: a
randomised trial

Lancet 2005 1115 74.33

5 Fizazi, K. Denosumab versus
zoledronic acid for
treatment of bone
metastases in men with
castration-resistant
prostate cancer: a
randomised, double-
blind study

Lancet 2011 1097 121.89

6 Coleman, R. E Metastatic bone disease:
clinical features,
pathophysiology and
treatment strategies

Cancer
Treatment
Reviews

2001 1048 55.16

7 Coleman, R.
E.

Skeletal complications
of malignancy

Cancer 1997 1011 43.96

8 Stopeck, A. T. Denosumab compared
with zoledronic acid for
the treatment of bone
metastases in patients
with advanced breast
cancer: a randomized,
double-blind study

Journal of
Clinical
Oncology

2010 839 83.90

9 Saad, F. Long-term e�cacy of
zoledronic acid for the
prevention of skeletal
complications in
patients with metastatic
hormone-refractory
prostate cancer

Journal of the
National
Cancer
Institute

2004 784 49.00

10 Taichman, R. Use of the stromal cell- Cancer 2002 761 42.28
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S. derived factor-1/CXCR4
pathway in prostate
cancer metastasis to
bone

Research

11 Coleman, R.
E.

The clinical course of
bone metastases from
breast cancer

British Journal
of Cancer

1987 755 22.88

12 Hortobagyi, G.
N.

E�cacy of pamidronate
in reducing skeletal
complications in
patients with breast
cancer and lytic bone
metastases. Protocol 19
Aredia Breast Cancer
Study Group

The New
England
Journal of
Medicine

1996 746 31.08

13 Yin, J. J. TGF-beta signaling
blockade inhibits PTHrP
secretion by breast
cancer cells and bone
metastases development

Journal of
Clinical
Investigation

1999 692 32.95

14 Hillner, B. E. American society of
clinical oncology 2003
update on the role of
bisphosphonates and
bone health issues in
women with breast
cancer

Journal of
Clinical
Oncology

2003 688 40.47

15 Tomita, K. Surgical strategy for
spinal metastases

Spine 2001 642 33.79

16 Gilbert, R. W. Epidural spinal cord
compression from
metastatic tumor:
diagnosis and treatment

Annals of
Neurology

1978 637 15.17

17 Henry, D. H. Randomized, double-
blind study of
denosumab versus
zoledronic acid in the
treatment of bone
metastases in patients
with advanced cancer
(excluding breast and
prostate cancer) or
multiple myeloma

Journal of
Clinical
Oncology

2011 631 70.11

18 Rosen, L. S. Zoledronic acid versus
pamidronate in the
treatment of skeletal
metastases in patients
with breast cancer or
osteolytic lesions of
multiple myeloma: A
phase III, double-blind,
comparative trial

Cancer
Journal

2001 618 32.53
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19 Cotten, A. Percutaneous
vertebroplasty for
osteolytic metastases
and myeloma: effects of
the percentage of lesion
�lling and the leakage of
methyl methacrylate at
clinical follow-up

Radiology 1996 615 25.63

20 Rosen, L. S. Long-term e�cacy and
safety of zoledronic acid
compared with
pamidronate disodium in
the treatment of skeletal
complications in
patients with advanced
multiple myeloma or
breast carcinoma - A
randomized, double-
blind, multicenter,
comparative trialarative
trial

Cancer 2003 595 35.00

21 Weilbaecher,
K. N.

Cancer to bone: a fatal
attraction

Nature
Reviews
Cancer

2011 577 64.11

22 Thalmann, G.
N.

Androgen-independent
cancer progression and
bone metastasis in the
LNCaP model of human
prostate cancer

Cancer
Research

1994 560 21.54

23 Fleisch, H. Bisphosphonates.
Pharmacology and use
in the treatment of
tumour-induced
hypercalcaemic and
metastatic bone disease

Drugs 1991 558 19.24

24 Mercadante,
S.

Malignant bone pain:
pathophysiology and
treatment

Pain 1997 553 24.04

25 Tong, D. The palliation of
symptomatic osseous
metastases: �nal results
of the Study by the
Radiation Therapy
Oncology Group

Cancer 1982 537 14.13

26 Weill, A. Spinal metastases:
indications for and
results of percutaneous
injection of acrylic
surgical cement

Radiology 1996 524 21.83

27 Tokuhashi, Y. A revised scoring system
for preoperative

Spine 2005 520 34.67
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evaluation of metastatic
spine tumor prognosis

28 Even-Sapir, E. The detection of bone
metastases in patients
with high-risk prostate
cancer: Tc-99m-MDP
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TABLE 2. Publishing Years of the Top 100 Cited Articles on Bone Metastases

Publishing Years Articles Total Citations Mean Citations

1959 1 312 312

1967 1 259 259

1971-1980 3 1238 412.67

1981-1990 11 4293 390.27

1991-2000 24 11143 464.29

2001-2010 50 24935 498.7

2011-2014 10 4573 457.3
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TABLE 3. Journals with More Than One of the Top 100 Cited Articles on Bone Metastases

Journals Articles Total
Citations

Mean
Citations

Impact
Factor

Journal of Clinical Oncology 16 7218 451.13 32.956

Cancer 10 4888 488.8 5.742

Cancer research 6 2701 450.17 9.727

Spine 6 2603 433.83 2.646

Clinical Cancer Research 4 2054 513.5 10.107

International Journal of Radiation Oncology Biology
Physics

4 1445 361.25 5.859

Journal of Neurosurgery 3 1072 357.33 3.968

Cancer Cell 3 2441 813.67 26.602

Annals of Oncology 2 630 315 18.274

Clinical & Experimental Metastasis 2 516 258 3.037

Journal of the National Cancer Institute 2 830 415 11.577

Journal of Clinical Investigation 2 992 496 11.864

Journal of Nuclear Medicine 2 854 427 7.887

Lancet 2 2212 1106 60.392

Lancet Oncology 2 603 301.5 33.752

Nature 2 762 281 42.778

Nature Reviews Cancer 2 929 464.5 53.03

Proceedings of the National Academy of Sciences of
the United States of America

2 676 338 9.412

Radiology 2 1139 569.5 7.931

Radiotherapy and Oncology 2 744 372 4.856
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TABLE 4. Most Frequent Authors of the 100 Most Cited Articles on Bone Metastases

Authors Articles First
Author

Last
Author

Coauthor Areas of Interest

Lipton, A. 13 2 0 11 Drug e�cacy; Clinical trial;
Prediction

Coleman, R.
E.

11 5 2 4 Drug e�cacy; Clinical trial;
Prediction

Brown, J. E. 5 1 0 4 Clinical trial; Prediction

Hortobagyi,
G. N.

5 2 0 3 Drug e�cacy; Clinical trial; Clinical
description

Saad, F. 5 3 0 2 Drug e�cacy; Prediction

Seaman, J. J. 5 0 3 2 Clinical trial

Body, J. J. 5 3 0 2 Drug e�cacy; Prediction

Rosen, L. S. 5 4 0 1 Clinical trial

Dansey, R. 4 0 1 3 Clinical trial; Clinical description

Fizazi, K. 4 2 0 2 Clinical trial; Clinical description

Gordon, D. 4 0 0 4 Clinical trial

Guise, T. A. 4 1 1 2 Mechanism

Jun, S. 4 0 2 2 Clinical trial

Theriault, R.
L.

4 1 0 3 Drug e�cacy; Clinical trial
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TABLE 5. Contributing Institutions with More Than Two of the Top 100 Cited Articles on Bone
Metastases

Institutions Location Articles Total
Citations

University of Texas M. D. Anderson Cancer Center  USA 8 3635

Weston Park Hospital United
Kingdom

5 4328

Memorial Sloan-Kettering Cancer Center USA 4 2816

University of Toronto Canada 4 1745

Cancer Institute Medical Group USA 3 1502

University of California USA 3 1238

University of Texas Health Science Center at San
Antonio

USA 3 1449

Centre Hospitalier de l'Université de Montréal Canada 2 1130

Institut Jules Bordet Belgium 2 612

Joan Karnell Cancer Center USA 2 735

Nihon University Japan 2 887

University of Berne Switzerland 2 821

University of Virginia USA 2 604
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Figure 1

Three-step approach.



Page 28/31

Figure 2

Countries of the top 100 cited articles on bone metastases.

Figure 3

Publishing years of the top 100 cited articles on bone metastases.



Page 29/31

Figure 4

Subspecialty of the top 100 cited articles on bone metastases.
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Figure 5

Mapping on keywords of bone metastases.
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Figure 6

Distribution of keywords according to when they appeared for the average time.


